Oo 
YD | 
f _ 


Practical Electronics Series 
Volume I 


o>. 


. 
_ 





BASIC BC” 
CIRCUITS 








PRACTICAL ELECTRONICS 
_ SERIES 


Volume 1 


Basic DC Circuits 


by 
Frank Swan 
and 


Warren Palmer 


Radie Shaek 


NDY CORPORATION COMPANY 


FIRST EDITION 
SECOND PRINTING—1975 


Copyright © 1974 by Radio Shack, a Tandy Corporation 
Company, Fort Worth, Texas 76107. Printed in the United 
States of America. 


All rights reserved. Reproduction or use, without express 
permission, of editorial or pictorial content, in any manner, 
is prohibited. No patent liability is assumed with respect to 
the use of the information contained herein. 


Library of Congress Catalog Card Number: 74-21503 


CONTENTS 


INTRODUCTION 


CHAPTER 1 
DC VOLTAGE . 


CHAPTER 2 
MEASUREMENT OF DC VOLTAGE 


CHAPTER 3 
PRACTICAL DC VOLTAGE MEASUREMENTS 


CHAPTER 4 
DC CURRENT . 

CHAPTER 5 
RESISTANCE 

CHAPTER 6 


RESISTANCE MEASUREMENTS 


CHAPTER 7 
OHMS LAW 


15 


27 


37 


47 


63 


75 





CHAPTER 8 


SERIES CIRCUITS 


CHAPTER 9 


PARALLEL CIRCUITS 


CHAPTER 10 


SERIES-PARALLEL CIRCUITS . 


CHAPTER 11 


PRACTICAL APPLICATIONS OF SERIES-PARALLEL CIRCUITS 


CHAPTER 12 
POWER AND ENERGY 

APPENDIX A 
DERIVATIONS . 

APPENDIX B 
GLOSSARY . 

APPENDIX C 


ANSWERS TO QUESTIONS . 


INDEX 


89 


99 


. 109 


; a7 


es 


. 141 


. 145 


« 151 


20 





—————— ee — - — 





INTRODUCTION 


Here is a practical approach to the fascinating field of 
electronics—a series of books with a combination of basic 
electronic theory and numerous practical projects to provide 
you with an understanding of basic electronics and introduce 
you to the complex circuits which make up so much of the 
world around us. 

This series is written by two men, each of whom has been 
involved with electronics and education for nearly 25 years. 
They have a deep practical knowledge of electronics and the 
necessary experience to communicate this knowledge to others. 

There are many practical projects and experiments included 
as a vital part of this series. These projects and experiments 
help you to understand more easily the concepts being dis- 
cussed. If you perform all of the projects and experiments as 
you go through this series you will gradually obtain electronic 
components and test equipment which you can use for your 
own enjoyment and profit. This series provides a good founda- 
tion for continuing studies in electronics and gives the hobbyist 
a good working knowledge of electronics. 

You will enjoy learning about electronics as you go through 
this clearly written and well illustrated series. Each book 
introduces new concepts and you will gradually cover a broad 
range of topics. This series is recommended for individual as 
well as group study. Each book in the series is not only a text- 
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book and a work book, but can be kept as a valuable reference 
book as well. 

A brief quiz is included at the conclusion of each chapter. 
Answers are provided in Appendix C for instructors using this 
book in a school or group study situation. 


VOLUME I—BASIC DC CIRCUITS 


This first book in the series introduces you to the concepts 
of voltage, current, resistance and power. It familiarizes you 
with the use of a VOM (volt-ohm-milliammeter) to measure 
voltage, current and resistance. Ohm’s law, one of the most 
basic and important relationships in electronics, is learned and 
applied. 

Basic series and parallel circuits are studied including the 
relationships among voltage, current, resistance, and power. 

Included are a number of practical experiments which you 
should perform to obtain maximum benefit from your study. 
You may want to purchase the components and other necessary 
items as you go along. If you would prefer to purchase all the 
necessary items at one time there is a list of materials follow- 
ing. These materials can be obtained from your local Radio 
Shack store. You may even have some of these parts on hand 
already, which will save you some of the cost involved. 


Materials List for Experiments 


a 


Volt-ohm-milliammeter (22-202) 
Battery holder (270-1439) 

9-volt battery clips (270-325) 

Test lead jumper cables (278-1156) 
1.5-volt D cell (23-466) 


9-volt Battery (23-464) 

Selenium solar cell (276-115) 

Resistor kit (271-306) 

Panel lamp indicators, 12-volt (272-322) 
Variable DC power supply (22-126) 
Experimenter’s P-box (270-105) 
Solderless spring terminals (270-1547) 





Radio Shack catalog numbers shown in parentheses. 





CHAPTER 1 


DC VOLTAGE 


In order for most electrical and electronic circuits to func- 
tion properly they must be connected to some source of DC 
voltage. Your flashlight doesn’t give any light until you put 
batteries in it. You have to have a good battery in your transis- 
tor radio to make it work properly. Your can won’t start, unless 
there is a good battery under the hood. 

The source of voltage provides the energy which is necessary 
for the circuit to function properly. The source of voltage 
causes the current to flow in the circuit. The source of voltage 
is sometimes referred to as the “‘electromotive force’ or EMF. 
Voltage can be compared to water pressure. The greater the 
pressure on a line, the more water will flow. The greater the 
voltage on a circuit, the more current will flow. 

The amount of voltage is measured in units called volts. 
Voltage is measured using a voltmeter or the voltmeter func- 
tion of a VOM (volt-ohm-milliammeter). The amount of 
voltage required for proper operation of a circuit depends on 
the nature of the circuit itself. A regular two-cell flashlight 
operates on 3 volts. Most transistor radios work on 6 or 9 
volts. Circuits which use tubes require a much higher voltage, 
usually 150 volts or more. The picture tube in a color television 
set uses a source of voltage close to 25,000 volts, or more. 

The basic unit of voltage is the volt. For many applications 
the basic units are quite convenient but there are times when 
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it is easier to express the voltage in some other units. When 
the voltage is very high, over 1000 volts, we sometimes use the 
abbreviation kV which stands for kilovolts. Kilo is a prefix 
which means 1000. 1 kV is equal to 1000 volts. To change volts 
to kilovolts divide the number of volts by 1000 (move the 
decimal point 3 places to the left). For example, 25,000 volts 
+1000 = 25 kV. To change kilovolts to volts, multiply the 
number of kilovolts by 1000 (move the decimal point 3 places 
to the right). For example, 2.6 kV x 1000 = 2600 volts. 

When the voltage is very low, we sometimes use the ab- 
breviation mV, which stands for millivolts. Milli is a prefix 
which means “ooy. One millivolt is equal to 0.001 volt. To 
change volts to millivolts, multiply the number of volts by 
1000 (move the decimal point 3 places to the right). For ex- 
ample, 0.025 volt x 1000 =25 mV. To change millivolts to 
1000 (move the decimal point 3 places to the left). For ex- 
ample, 37.5 mV + 1000 = 0.0875 volt. 


+2 


Le) TIME 


0 TIME 
(A) DC voltage. (B) AC voltage. 
Figure 1-1. Two types of voltage. 


When the voltage is extremely low, we use the abbreviation 
#V which stands for microvolt. Micro is a prefix which means 
14 900.000: One microvolt is equal to 0.000,001 volt. To change 
volts to microvolts, multiply the number of volts by 1,000,000 
(move the decimal point 6 places to the right). For example, 
0.000,032 volt x 1,000,000 = 32 wV. To change microvolts to 
volts, divide the number of microvolts by 1,000,000 (move the 
decimal point 6 places to the left). For example 13 pV + 
1,000,000 = 0.000,018 volt. 

The term DC means direct current. When we say DC voltage 
we mean a source of voltage which has a steady value of 
voltage at all times. This is in contrast to an AC voltage or 
alternating current voltage which is constantly changing value. 


The difference between a DC and AC voltage is illustrated in 
Figure 1-1. 

You will notice that the value of DC voltage shown is al- 
ways the same and always positive (+). The value of AC 
voltage shown is always changing and is sometimes positive 
(+) and sometimes negative (—). When we say that a voltage 
is either positive or negative, we are indicating what is called 
the polarity of a voltage. This is covered in more detail in 
Chapter 4. 

When DC voltage is being represented in a formula, either 
the letter E or V is used. 

There are several sources of DC voltage. Probably the most 
familiar source is the battery. Batteries come in a wide variety 
of shapes, sizes and voltage values. Some of the more common 
types of batteries are illustrated in Figure 1-2. 

A schematic diagram (circuit diagram) is a drawing which 
shows how the various components in an electrical circuit are 
connected together. Each component is represented by a 
schematic symbol. 

When a battery or cell is represented on a circuit diagram, 
one of the schematic symbols shown in Figure 1-3 is used. 

Batteries develop a voltage across their output terminals 
due to the reaction of the chemicals on the dissimilar metal 
electrodes inside the battery. Most of the dry cells have a 
voltage of 114 volts. A 6-volt battery is made up of four 
11%4-volt cells connected together. A 12-volt car battery is 
made up of six 2-volt cells connected together. 





Figure 1-2. Different types of batteries. 





The voltage source for most equipment using tubes is an 
electronic power supply. This type of supply is generally con- 
nected to the AC power line. The power supply circuit converts 
the 120-volt AC power line voltage to the desired value of DC 
output voltage. This type of supply is represented by the block 
diagram shown in Figure 1.4. 


|. | Figure 1-3. Schematic repre- 
Is T- sentation of batteries. 
(A) Single cell. (B) Multicell. 


Another source of DC voltage is the solar cell. This type of 
cell develops a voltage across its terminals by converting light 
energy into electrical energy. This type of cell is used on some 
of the satellites which are orbiting the earth and transmitting 
information back from space. A picture of some common solar 
cells is shown in Figure 1-5 along with the schematic 
representation. 

Still another source of DC voltage is the thermocouple. In 
this device, the end of a strip of one type of metal is con- 
nected to the end of a strip of another kind of metal. When 
the junction of the two dissimilar metals is heated, a voltage 
is developed across the opposite ends of the two strips. This 
type of voltage source is used in equipment which is to be con- 
trolled by temperature, such as a hot water heater or clothes 
dryer. An illustration of a thermocouple is shown in Figure 1-6 
along with the schematic symbol. 

Some sources of DC voltage do not produce a pure steady 
DC voltage but contain periodic fluctuations or changes in 
voltage. These changes are generally from zero to some high 
value and back to zero again. These changes occur at a rather 
fast rate of speed and the meter used to measure the voltage 
cannot follow the fluctuations. The VOM indicates the average 
value for that source. This is illustrated in Figure 1-7. 

You will notice that even though the voltage values are con- 
stantly changing, they are all the same polarity (positive). 


AC POWER 0+ Figure 1-4. Typical power supply 
Line Voltage —— SUPPLY ae DOC Output 


Input circuit. 





Schematic Symbol 


\\ 





Figure 1-5. A few common solar cells. 


This is different than the AC voltage shown in Figure 1-1B 
which has values of both polarities (positive and negative). 


Some sources of the fluctuating or pulsating type DC 
are: 





1. Automotive generator. 
2. Automotive alternator. 
3. DC welder. 
4. Certain types of light dimmers and motor-speed controls. 
5. Battery chargers. 
Thermocouple Schematic Symbol 
Figure 1-6. A thermocouple and a y 
schematic symbol. ‘ aki 
Pure DC Voltage Fluctuating DC Voltage 
+S +5 Average or DC 
Voltage os read 
+4 +4 on VOM meter 
VOLTS 
+3 
+2 
+1 
° TIME 
(A) Pure DC voltage. (B) Fluctuating DC voltage. 


Figure 1-7. Different DC voltages. 
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The output of this type of DC source may be changed into a 
pure DC voltage by using a device called a filter. This will be 
studied in Volume II, along with power supplies. The symbol 
for a DC generator is usually either of the two symbols shown 
in Figure 1-8. 


Figure 1-8. DC generator symbols. 


SUMMARY 


The source of voltage provides the energy to operate 
electronic circuits and causes current to flow in the 
circuit. 

The amount of voltage is measured in units called volts 
and is measured using a voltmeter or the voltmeter func- 
tion of a VOM. Sometimes the amount of voltage is ex- 
pressed in kV, mV, or iV. 

The letters E or V are used to express voltage in a 
formula. 

The term DC stands for direct current which means 
that the voltage source has a fixed polarity, either + or -. 

Some of the sources of DC voltage for operating elec- 
tronic circuits are batteries, power supplies, solar cells, 
and thermocouples. 

Some sources of voltage have a fluctuating or pulsating 
DC voltage. Some of these are automotive generators and 
alternators, welders, and battery chargers. 


QUESTIONS 


1. What function does the source of voltage provide in an electronic 
circuit? 


. What is the basic unit of measure for voltage? 
. Change the following voltages to kV ; 1500 volts, 13,500 volts. 
. Change the following voltages to volts; 2.8 kV, 250 kV. 


an &- fo ®& 


. Change the following voltages to mV ; 0.0067 volt, 0.3824 volt. 
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. Change the following voltages to volts; 13 mV, 225 mV. 
Change the following voltages to nV; 0.000456 volt, 0.0000078 volt. 


Change the following voltages to volts; 27 uV, 532 pV. 


. Give the symbol for a single cell and a multicell battery. 


. How does a pulsating DC voltage differ from an AC voltage? 
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CHAPTER 2 


MEASUREMENT OF DC VOLTAGE 


There are many times when it is necessary to make measure- 
ments of DC voltages. When you are studying a circuit, 
measurement of circuit voltages greatly increases your under- 
standing of circuit operation. When you are trying to fix a 
defective piece of equipment, making voltage measurements 
helps you to locate the faulty part of the circuit. When you 
are building a circuit, measured voltages can indicate whether 
or not you have put things together properly. 

Voltages are measured using an instrument called a volt- 
meter. The voltmeter function is included in a very useful 
instrument called a VOM (volt-ohm-milliammeter). The VOM 
can be used to measure DC voltage, AC voltage, DC current, 
and resistance. A typical VOM is shown in Figure 2-1. If 
you do not own a VOM we suggest you purchase one before 
proceeding through this book. The VOM listed in the material 
list is recommended as an excellent first choice. This meter, 
although low in price, will provide you with many of the 
features found on the more expensive meters. If you continue 
in your study and use of electronics you will probably wish to 
buy a more expensive and versatile VOM but this one will 
get you off to a good start without having to spend a lot of 
money. 
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Figure 2-1. A typical VOM (volt-ohm-milliammeter). 


The following features are typical of most VOM’s: 


1. At the lower left of the VOM are several holes called jacks 
(Figure 2-2). The test leads are inserted in these jacks. 
For most applications the Qlack test lead is inserted in the 


jack marked COM or (—). The red test Jead is inserted in 


the jack marked vOA or (+). These colors are commonly 


OHMS ADJ. 









PRR Rete Seat neon dl = 


OUTPUT  DC1200V_ 


AC 1200V DC 600V 


Figure 2-2. Test leads are inserted in the appropriate jacks. 
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used to indicate (+) and (—) in electronics. For other 
special measurements the red lead may be changed to one 
of the other four jacks. 

2. To the right of the jacks is the range switch (Figure 2-3). 
This switch selects the function of the meter—DC voltmeter, 
AC voltmeter, DC milliammeter or ohmmeter. It also selects 
the range of these functions. Notice that on the DCV (DC 
voltage) portion of the switch there are full-scale ranges 
of 0.6, 3, 15, 60, and 300 and up. By full-scale range we 





& 


Da re caer ane entero es 


Figure 2-3. The range switch. 


mean the highest value of voltage which can be measured 
without having the pointer on the meter go past the right 
end of the meter scale. In order to have a full-scale range 

of 600 volts, the red test lead is placed in the DC 600 V jack 
and the range switch is set in the 300 and up position. 

In order to have a full-scale range of 1200 V the red test 
lead is placed in the DC 1200 V jack and the range switch 
is set in the 300 and up position. 

On some of the lower priced VOM’s the range switch is 
not used. Instead, different jacks are used for the various 
functions and ranges. A meter of this type is shown in 
Figure 2-4. For measuring DC voltages the black test lead 


Ww 
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Figure 2-4. A lower-priced VOM 
without a range switch. 


10009 


150Y 


15Y 
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Figure 2-5. The scale of a typical VOM. 


is inserted in the common jack and the red test lead is placed 
in the jack for the desired function and full-scale range. 
The third major part of the VOM is the meter. The meter 
part of the VOM consists of the meter scales with various 
ranges and a movable pointer. The scale of our typical 
meter is shown in Figure 2-5. 


Notice that there are several different scales. The tgp 
scale is marked OHMS, and is used for measuring resistance. 
The next lower scale is marked AC and is used for measuring 
AC.voltages. The next lower scale is marked Dc and is used 
for measuring DC voltages and cyrrents, The calibrations 
to be used for both AC and DC depend on the position of the 
range switch. The bottom scale is marked DB and is used 
for making a special type of AC measurement. 


For now, we will consider just DC voltage measurements. 

We will take up the other functions later. 

When making DC voltage measurements the calibrations 
used depend on the position of the range switch. When the 
range switch is in the 0.6 V position the third range (0 to 60) 
is used but each scale value must be divided by 100. When the 
range switch is in the 3 V position, the lowest of the four DC 
ranges is used. This scale is marked with values from 0 to 3. 
When the range switch is in the 15 V position the second 
range, marked from 0 to 15 is used. When the range switch 
is in the 60 V position the third range, marked 0 to 60, is used. 
When the range switch is in the 300 V position the bottom 
range is used, but now you have to mentally multiply each 
of the scale values by 100. With the red test lead in the DC 
600 V jack, the range switch in the 300 and up position, the 
third range (0 to 60) is used with a multiplying factor of 10. 
With the range switch is the 300 and up position and the red 
test lead inserted in the DC 1200 V jack the top DC range is 
used with values from 0 to 1200. 

One of the common difficulties encountered when first using 
a VOM is proper interpretation of the meter scale markings. 
Only one set of line markings is used for all four ranges, so 
obviously each small division on the scale represents a different 
value of voltage for each range. On the 3 V range (Figure 2-6) 
the first labeled major division is 1 volt. There are 10 small 
calibration spaces between 0 and 1. Thus, each small division 
represents 1 + 10 =0.1 volt. Since there are 5 small divisions 
in each major division, then each major division represents 
5 X 0.1 = 0.5 volt. With the pointer in the position shown the 
voltage indicated would be 1.8 volts. 

For 300-volt operation the 3 V scale is used but we simply 
mentally multiply each scale value by 100. The first labeled 
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Figure 2-6. Interpreting the 
3-volt range. 





Each Major Division = 0.5 V 
Each Small Division = 0.1! V 


major division then becomes 1 x 100 = 100 volts. Each small 
division then represents 100 + 10=10 volts and each major 
division represents 5 x10 = 50 volts. The voltage indicated by 
the pointer is 180 volts. 

On the 15-volt range (Figure 2-7) the first major labeled 
division is 5 volts. Each small division then represents 5 + 10 = 
0.5 volt. Each major division represents 5 x 0.5 = 2.5 volts. 
With the pointer in the position shown, the voltage indicated 
would be 6.5 volts. 

The 60-volt range is shown in Figure 2-8. Let’s see if you 
can use the procedure we have used above to figure out this 


scale. The first labeled major division is volts. 
Each small division represents volts and each 
major division represents volts. With the pointer 
in the position shown, a voltage of volts is 


indicated. Your answers in the blanks above should be 20, 
2, 10, 48. Recall that the same scale is used for 600 V. This 


Figure 2-7. Interpreting the 
15-volt range. 





Each Major Division = 2.5 V 
Each Small Division = 0.5 V 
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Figure 2-8. Interpreting the 
60-volt range. 





means that the first labeled major division is volts, 
each small division is volts, each major division 
is volts, and the voltage indicated by the pointer 
would be volts. Your answers for these blanks 
should be 200, 20, 100 and 480. 

This same scale is also used for 0.6 V. For this range the 
first labeled major division represents 0.2 V, each small 
division 0.02 V, each major division 0.1 V, and the pointer 
indicates 0.48 V. 

The 1200-volt range is shown in Figure 2-9. Use the pro- 
cedure above and determine the scale calibrations. 


First labeled major division volts. 

Small division value volts. 

Major division value volts. 

Voltage indicated by pointer volts. Your answers 


in the blanks should be 400, 40, 200, 960. 

If you have a different meter than the one we have been 
talking about you should study the scales carefully to be sure 
you know what the scale divisions represent before making 
any measurements. 

In all our meter-scale illustrations so far we have shown the 
meter pointed exactly on a printed scale division. If the pointer 
should come to rest between two divisions you must estimate 
as closely as possible the relative position of the pointer. For 
example, look at the position of the pointer in Figure 2-10. 


Figure 2-9. Interpreting the 
1200-volt range. 
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Figure 2-10. Estimating a voltage on 
the 60-volt range. 





If the range switch is in the 60 VDC position what would 
you estimate the voltage reading to be? If you said 25 volts 
you would be correct. On the 60-volt range each small division 
represents 2 volts. The pointer is about half way between 24 
and 26. The accuracy of the meter does not warrant any 
closer reading than 14 small division. The reading is then 
estimated as 25 V. 





Figure 2-11. Making a DC voltage measurement. 


We suggest that you spend a little time reviewing the 
various scales and ranges before proceeding with any 
measurements. 

Now that you are familiar with the basic parts of your VOM 
let’s see how to go about using it to make DC voltage measure- 
ments. Basically the procedure is this (Figure 2-11). 


1. Insert the test leads in the proper meter jacks. 
2. Select the proper voltage function and range. 
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3. Place the metal test probe tips across the voltage to be 
measured, observing proper polarity if it is known. 

4. Notice the position of the pointer on the meter scale and 
read the value of voltage. 


Before making any measurements let’s consider each of these 
four steps in more detail. By observing some conventions and 
precautions you will be able to make your measurements more 
quickly and also protect your meter from possible damage. 

When inserting the test leads in the jacks, the black lead is 
usually placed in the CoM or (—) jack and the red lead is usually 
placed in the VOA or (+) jack. Be sure the small plug (either 
a pin plug or a banana plug) on the end of the lead is clean 
before inserting it in the jack. Also be sure that the plug is 
inserted all the way into the jack so that good contact is made 
between the plug and the jack. 

When selecting the meter function and range, keep the fol- 
lowing suggestions in mind. 


1. Select the proper function (DC V). 

2. Select the proper range. If the approximate value of 
voltage is known, select the lowest range which includes 
the expected voltage. 


If the value of voltage is unknown, always start with the 
range switch in the highest voltage position and switch down- 
ward until the proper range is reached. For best accuracy, 
always use the lowest meter range which includes the voltage 
under measurement. 

To obtain a voltage measurement, the test probes must be 
placed across the voltage being measured. Hold the tip of the 
black probe firmly against the most negative terminal. Place 
the tip of the red probe on the positive end of the voltage being 
measured. If you are not sure of the polarity of the voltage, 
place the black probe at one terminal and momentarily tap 
the red probe on the other terminal. If the pointer flicks up- 
scale the polarity is correct. If the pointer flicks down-scale, 
the test leads will have to be reversed. This flick test will also 
indicate if the voltage level is excessive for the range being 
used. An excessive voltage will cause a rapid and above-scale 
deflection of the pointer. Once you have determined the proper 


23 











polarity, press both test probes firmly against the terminals to 
assure good contact. 

Observe the position of the meter pointer on the scale and 
read the voltage. As an aid to lining up the pointer properly, 
some meters have a mirrored scale. This small mirror is 
located between the two AC scales on the Radio Shack meter 
we have been describing. Position your eye over the pointer so 
that the pointer reflection in the mirror is directly underneath 


INCORRECT READING 150.5 CORRECT READING INCORRECT READING 149.5 
150 150 150 





ie 
NO REFLECTION 
POINTER’ / POINTER 
REFLECTION / MIRROR MIRROR REFLECTION ‘ MIRROR 
; \ 
; \ 
I POINTER > POINTER POINTER " 
/ J \ 
/ y \ 
/ \ 
/ | \ 
/ | \ 
/ \ 
/ | \ 
= <> aT, 
EYE TO FAR LEFT CORRECT EYE POSITION EYE TO FAR RIGHT 
WRONG NO PARALLAX ERROR WRONG 


Figure 2-12. Using the antiparallax mirror. 


the pointer (Figure 2-12). With your eye in this position, read 
the voltage on the proper scale. The error introduced by not 
observing the pointer from this exact position is called paral- 
lax error. 

You'll get some practical experience in voltage measurements 
with your VOM in the following chapter. 


SUMMARY 


DC voltages are measured using an instrument called a 
voltmeter. The voltmeter function is included in a VOM 
(volt-ohm-milliammeter). 

The major parts of a VOM are: 


1. Test leads and test jacks. 
2. Function and range switch. 
3. Meter with scales and pointer. 
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One of the common difficulties encountered when first 
using a VOM is proper interpretation of the meter scale 
markings. Study the scale markings before attempting 
actual measurements. 

The procedure for measuring DC voltages includes 4 
simple steps: 


1. Insert test leads in proper meter jacks. 

2. Select proper function and range. 

3. Place the test probes across the voltage to be measured, 
observing proper polarity. 

4. Notice the position of the pointer on the meter scale 
and read the value of voltage. 


If the polarity and approximate value of voltage are not 
known, the following precautions should be observed: 


1. Always start with the highest range switch position. 
Switch downward as required to obtain the most accu- 
rate reading. 

2. Use the “flick” test to determine if meter polarity is 
correct and voltage is not excessive. 


QUESTIONS 
. What type of instrument is used to measure DC voltage? 
. What is a VOM? 
. What are the major parts of a VOM? 


. What voltage is indicated by the pointer and scale shown in Figure 2- 
10 if the VOM range switch is on the 300 V position? 


. List the four basic steps used in measuring a DC voltage. 


. What are the two major precautions to use when measuring an un- 
known DC voltage? 


. What is meant by the “flick” test? 


. What is the purpose of the small mirror on the meter face? 
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CHAPTER 3 


PRACTICAL DC VOLTAGE 
MEASUREMENTS 


In the previous chapter we discussed the basic procedures 
which should be followed in order to make DC voltage measure- 
ments. In this chapter we will actually have you make some 
measurements on a few different kinds of devices to give you 
some practice in making this kind of measurement. Before 
starting to make the measurements, check to see that you have 
all the necessary items listed below. If you do not have all of 
these you can obtain them at your nearby Radio Shack store. 
The catalog numbers of these items are given in the material 
list (page 6). 


1. VOM. 

. Battery holder for two D cells. 
. Battery clip for 9-volt battery. 
. Test lead jumper cables. 

. 14-volt D cell (two). 

. 9-volt transistor radio battery. 
. Selenium solar cell. 


IO oP W DO 


If you have a new VOM that has never been used before, it 
may be necessary to check a few things before you start. Some 
meter manufacturers place a short piece of wire across the 
meter terminals to minimize meter damage during shipment. 
If so, this jumper wire must be removed before you can use 
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Figure 3-1. Voltage measurement of a 1.5-volt battery. 


the meter. Also the battery or cell which is used for ohmmeter 
measurements must be installed as this is very seldom put in 
at the factory. Be sure that the battery is put in with proper 
polarity as indicated on the battery holder. Read over the 
booklet that comes with your meter to see if there are any 
other things which must be done before using the meter. 

The first measurement will be made on a single 114-volt D 
cell. Place the test leads in the proper test jacks, that is, black 
lead in COM or (—), red lead in VOA or (+). Place the function 
switch in the 3 V DC position (or the proper range position 
for your meter). Connect the test leads across the battery as 
shown in Figure 3-1. The positive terminal of the battery is 
the small round button. Record the voltage that you read on 
the meter: V. For this type of cell the voltage 
should read approximately 1.5 volts. 

The schematic representation of the measurement you have 
made is shown in Figure 3-2. The meter is represented by the 
circle with the letter V. 


5 Vv Figure 3-2. Schematic representation 
- of measurement in Figure 3-1. 
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Figure 3-3. Voltage measurement of a 9-volt battery. 


The next measurement will be made on a 9-volt transistor 
radio battery. Use a new battery or remove the battery from 
a radio. Place the function switch in the 15 V DC position (or 
the proper range position for your meter). Connect the test 
leads to the battery as shown in Figure 3-3. Record the voltage 
that you read on the meter: V. For this type of 
battery the voltage should read approximately 9.0 volts. The 
schematic representation of this measurement would be similar 
to that shown in Figure 3-2, except the voltage source is a 9- 
volt battery. 

Now let’s try some measurements on an automobile battery. 
If you own a car or have access to a car battery you can pro- 
ceed. 

With the range switch set on the 15 V DC range (or the 
proper range for your meter) place the test leads across the 
battery terminals. Be sure to observe proper polarity. Record 
the voltage that you read on the meter: V. For 
this type of battery the voltage should read approximately 12 
to 13 volts. Remove the test leads from the battery and then 
start the car and let it run at a fast idle. Switch the meter 
range swich to the 60 V DC range and measure the voltage 
across the battery terminals. Be sure that you don’t allow the 
meter leads to get caught in the fan blades. Voltage is: 

V. You may be able to switch back down to the 
15 volt range if the reading is below 15 volts. With the engine 
running the battery is receiving a charge and under this 
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condition the battery voltage may rise to a value between 14 
and 16 volts depending on the adjustment of the voltage 
regulator. 

Next we’re going to make some measurements on a selenium 
solar cell. If you have purchased the solar cell from Radio 
Shack, carefully remove it from the package and straighten 
out the leads. Save the instruction sheet that comes with the 
cell. It might be a good idea to get a folder in which to keep 
this and other data sheets as you gradually begin to gather 
more parts. It will save you some frustration later when you 
want some information and can’t remember where you put 
the data sheet. 

Connect the meter leads to the solar cell leads as shown in 
Figure 3-4. Set the range switch to 0.6 V DC. Hold the solar 
cell about 6 to 8 inches away from a 100-watt light bulb and 
record the voltage: V. The normal maximum 
output voltage for this type of cell is around 0.4 to 0.5 volt. 
Now turn off the light and record the voltage: w 
Place the cell in direct sunlight and record the voltage that you 
read on the meter: V. Again it should be around 
0.4 to 0.5 volt. Carefully place the cell back in the package or 
some other safe place so that the surfaces of the cell do not 
become scratched. We will use this cell again in a later chapter. 





Figure 3-4. Measuring the output voltage of a solar cell. 
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The next thing that we are going to do is to see what happens 
when a battery is operated in a circuit. Put your 9-volt battery 
back in the radio and measure the voltage with the radio 
turned off. Here is where the thin pointed test probes are 
handy for getting at the battery terminals when the clip is 
attached. Yours should read about 9.0 volts. Voltage is: 

V. Now turn the radio on and measure the voltage 
again. Voltage is: V. Depending upon the condi- 
tion of the battery and the load placed on the battery by the 
radio, the battery voltage may drop down to about 8 volts or so. 
If it drops much lower than this, it is an indication that the 
battery is getting very weak. 

Now let’s try connecting some batteries together and see 
what happens. Insert two 114-volt D cells in a battery holder 
as shown in Figure 3-5. Be sure that you get them in with the 





See 


Figure 3-5. Measuring voltage across two 1.5-volt batteries connected 
series-aiding. 


polarity shown. Connect the two end terminals together with a 
jumper lead as shown. Set the meter range switch to the 15 
V DC range and connect the meter leads to the battery holder 
as shown. Record the voltage that you read on the meter: 

V. You should read about 3 volts. It may be pos- 
sible to make this reading on the 3-volt scale if the voltage is 
less than 3 volts. Cells connected in this way are said to be 
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Figure 3-6. Schematic representation 
of measurement in Figure 3-5. 





connected in sevies-aiding and the total voltage is equal to 
the sum of the two individual voltages. The schematic repre- 
sentation of the connection is shown in Figure 3-6. 

Change the position of the jumper lead as shown in Figure 
3-7. Connect the meter leads as shown and record the value 
of voltage read on the meter. You can switch to the lowest 
range of the meter for this reading: V.A reading 
of zero volts is normal for this hook up. Cells connected in this 
manner are said to be connected in series-opposing and the 
total voltage is equal to the difference between the two indi- 
vidual voltages. Since the two cells in this test are of equal 
voltage, the resulting voltage is zero. The schematic representa- 
tion of this connection is shown in Figure 3-8. 

Let’s make the same tests with batteries having different 
voltages. Use one of the D cells in the battery holder and a 9- 
volt battery with battery clip to connect the circuit as shown 
in Figure 3-9. We are placing a 9-volt battery in series aiding 





Figure 3-7. Measuring voltage across two 1.5-volt batteries connected 
series-opposing. 
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Figure 3-8. Schematic representation 
of measurement in Figure 3-7. 





with the 1%-volt D cell. What is your estimate of voltage for 
this hookup? V. Set the meter range switch to 
the proper range and measure the voltage: Va 
You should read a voltage around 10.5 volts. The schematic 
representation of this connection is shown in Figure 3-10. 

Next, let’s try a series-opposing connection. Change the 
polarity of the D cell in the circuit. What is your estimate of 
the voltage? V. Connect the meter leads across 
the circuit and record the voltage: V. This should 
be around 7.5 volts. The schematic representation of the circuit 
is Shown in Figure 3-11. 





Figure 3-9. Measuring voltage across 1.5 and 9-volt batteries connected 
series-aiding. 


Figure 3-10. Schematic representation 
of the connection made in Figure 3-9. 





33 


Figure 3-11. Schematic of a 9-volt 
and 1.5-volt battery connected series- 
opposing. 





There is another way that we can connect batteries together. 
Place two 11%-volt D cells in the battery holder as shown in 
Figure 3-12. Use the polarity illustrated. Connect the holder 
terminals together with jumper leads as shown. Set the meter 
range switch to 3 V DC and connect the meter test leads to the 
holder terminals. Record the measured voltage: ¥. 
You should read about 1.5 volts. Cells connected in this way are 
said to be connected in parallel. This type of connection does 
not increase the available voltage, but it does allow both cells 
to provide power for the circuit and this doubles the power 
available. The schematic representation of this connection is 
shown in Figure 3-13. The dots at the intersection of the lines 
indicate a connection. If lines in a diagram cross but there is no 
dot, then there is no connection. 

There are several precautions which must be observed when 
connecting cells or batteries in parallel. First, be sure that the 
polarities of all the cells or batteries connected together are 
the same. If the cells are connected incorrectly as illustrated in 





Figure 3-12. Two 1.5-volt batteries connected in parallel. 
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Figure 3-13. Schematic representation 
of the connection made in Figure 3-12. 





Figure 3-14 the cells will destroy themselves in very short 
order. In fact, high energy batteries such as automobile bat- 
teries may explode if connected in this manner. 

Second, do not connect cells or batteries of different voltages 
in parallel. This type of connection, illustrated in Figure 3-15 
may also result in the batteries or cells being destroyed. 

That’s all the measurements we are going to do in this chap- 
ter. Switch the meter range switch to either the highest DC 


Figure 3-14. Two 1.5-volt batteries 
connected improperly. 





range or the OFF position before setting it aside. You should 
remember to do this each time you use your meter. This will 
minimize the possibility of damage to the meter if you forget 
to check the setting of the range switch before making some 
future measurement. 


SUMMARY 


In addition to getting some practice in making measure- 
ments with your VOM you should have learned a few 


Figure 3-15. Never connect batteries 
of different voltages in parallel. 
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things about voltage sources in this chapter. Let’s con- 
sider what some of these measurements have taught us. 


1. 


o 


A battery or cell when supplying current to a load 
tends to have a lower voltage than under no-load con- 
ditions. As a battery ages and approaches the end of its 
useful life, the loaded voltage decreases. 


. A battery receiving a charge has a higher voltage 


across it than under no-load or loaded conditions. 
Solar cells are relatively low voltage sources which are 
highly dependent on light intensity. 

Series-connected batteries may be polarized to obtain a 
resultant voltage which is the sum of the individual 
voltages (series-aiding) or the difference of the two in- 
dividual voltages (series-opposing). The series-aiding 
connection is by far the more commonly used connec- 
tion. The series-opposing connection is generally a 
faulty condition obtained when batteries are inserted 
improperly in a holder. 

Paralleling batteries or cells of equal voltage provides 
the same output voltage but increases the amount of 
power available for a circuit. 


QUESTIONS 


. Draw a schematic diagram of a 6-volt and a 9-volt battery connected 


in series-aiding. 


. What is the voltage of the series circuit in question 1 above? 
. What should be the voltage of four D cells connected in series-aiding? 


. What would be the resulting voltage if one of the D cells in question 3 


above is inserted with reverse polarity? 


. What two precautions must be observed when connecting batteries in 


parallel? : 


. What precaution is recommended after using a VOM? 





CHAPTER 4 


DC CURRENT 


In this chapter we are going to learn about something that 
no one has ever seen—electrical current. Even though we can’t 
see current, we are all familiar with the effects of electrical 
current, such as light and heat (Figure 4-1). When current 
passes through a light bulb it causes the bulb to glow. When 
current passes through a heating coil in an electric heater, heat 
is generated. 

In Chapter 1 you learned that it was the source of voltage 
that provided the energy to run an electrical circuit. It is this 
source of voltage that causes the current to flow in the circuit. 
Without voltage we would have no current flow. 

Current flow in an electrical circuit may be compared to the 
flow of water in a pipe (Figure 4-2). Water pressure in the 
system causes water to flow in the pipe. As long as the pres- 
Sure exists and the pipe is not blocked, the water will flow. 
The amount of water which flows is dependent upon the amount 
of pressure and the opposition or resistance offered to the flow 
of water by the pipe. In an electrical circuit the source of 
voltage is like the water pressure and the current is like the 
flow of water in the pipe. The amount of current flow depends 
on the amount of voltage and the opposition or resistance 
offered to the flow of current by the electrical circuit. This 
opposition or resistance to the flow of current is discussed 
more fully in the next chapter. 
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Figure 4-1. Two effects of electrical current are light and heat. 


Over the years, since the phenomenon of electric current flow 
was first discovered, men have proposed several different ex- 
planations for it. Most scientists today agree that electric cur- 
rent is made up of the movement of extremely small particles 
called electrons. We are not going into a detailed explanation 
of atomic structure (we'll leave that to the physics books). 
However, a little background will help in understanding why 
current flows easily in some materials and with difficulty in 


others. 
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Figure 4-2. Current can be compared to a flow of water in a pipe. 


All matter is composed of extremely small atoms. Very 
simply, an atom consists of a nucleus which is said to be 
positively charged (+) and a group of electrons which move 
around the nucleus. This is illustrated in Figure 4-3. The 
electrons have a negative charge (—). The positive charge of 
the nucleus is balanced by an equal negative charge of the 
electrons, so that there is a resulting neutral charge when the 
atom is considered as a whole. 


E& -u- 
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Figure 4-4. A copper atom. 


The structure of atoms is different for different materials. 
Atoms differ in the size of the nucleus and the number of elec- 
trons around the nucleus. For example, an atom of copper 
consists of a nucleus surrounded by 29 electrons (Figure 4-4). 

An atom of carbon consists of a smaller nucleus with only 6 
electrons (Figure 4-5). 

Another difference between atoms is the ease with which the 
electrons can be moved from one atom to another. In some ma- 
terials such as copper, the electrons can be quite easily moved 
from one atom to another when subjected to some source of en- 
ergy, such as a battery. In other materials, such as glass, the 
electrons are tightly bound to the nucleus and do not move 
freely when subjected to a source of energy. 

Now, let’s see what all this has to do with current flow. In 
order for current to flow we need two basic ingredients. First, 
as you have already seen, we need a source of voltage. Second, 
we need a complete path through which current can flow. 
Normally this path consists of some type of electrical device, 
such as a light bulb, which is connected to the source by con- 
ductors, such as wire. When we put all of these together we 
form a circuit. This circuit is illustrated in the schematic 
diagram of Figure 4-6. 

With things connected as shown in the diagram we have a 
complete path or circuit. In order to have current flow, we 
must have a complete path from the negative terminal of the 


Figure 4-5. A carbon atom. 
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battery, through the electrical device, called the load, and back 
to the positive terminal of the battery. The copper wires are 
called conductors since they conduct the current from the bat- 
tery to the load with little opposition to its flow. As we men- 
tioned above, the electrons in copper are relatively free to 


Electrical 
Device 


move when a voltage is applied. The EMF (electromotive force) 
of the battery forces electrons to move in the direction shown 
(Figure 4-7). The battery is not the source of electrons. The 
electrons are already available and the battery simply provides 
the energy to move these electrons around the circuit. The 
electrons flow away from the negative terminal of the battery, 
through the lower wire, through the load, through the upper 
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Figure 4-6. Schematic diagram of a 


— Battery ° ° 
complete circuit. 
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wire, and then to the positive terminal of the battery. It is 
important to note that electrons always flow from negative 
to positive in the circuit connected to the battery. 

If one of the wires should be disconnected or broken, there 
would no longer be a complete path for current flow and current 
flow would cease. This condition is referred to as an “open” 
circuit (Figure 4-8). 


Figure 4-7. Direction of electron flow 
in a complete circuit. 
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Circuit 
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Figure 4-8. Current cannot flow in an 
open circuit. 
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Figure 4-9. Excessive current flows 
through a short circuit. 
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If a wire or some other conducting material should be con- 
nected across the load (either accidentally or deliberately) , then 
the current drawn from the battery would be excessively high. 
With the load “‘shorted out” there is very little opposition or 
resistance to the flow of current and battery current will be 
excessive. No current will flow through the load. This is illus- 
trated in Figure 4-9. This condition is harmful to the battery 
or other voltage source. 

It is not necessary for an electron to travel all the way 
around the circuit in order to produce current flow. The situa- 
tion can be illustrated by imagining a hollow tube completely 
filled with Ping-Pong balls (Fig. 4-10). If we insert an addi- 
tional ball at the left end of the tube, a ball will be forced out 
of the right end of the tube. In the process, all of the balls 
moved to the right. There was a movement of balls without 
the necessity of the first ball traveling the full length of the 
tube. Of course, if we continue to insert balls, the first one will 
eventually make its way across the length of the tube (Figure 
4-10). 

In order to be specific about how much current is flowing 
in a circuit, we should establish definitions concerning quantity 





Figure 4-10. Illustrating electron movement (flow) with Ping-Pong balls. 
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of electrons. The number of electrons which will flow in our 
simple circuit of Figure 4-7 depends on the magnitude of the 
voltage source and the opposition or resistance offered by the 
load. The term current refers to the quantity of electrons pass- 
ing a given point in a circuit during a time interval of 1 second. 
The quantity of electrons is measured in units called coulombs 
(pronounced cool-ohms). One coulomb is the quantity of 
628 x 10'* electrons. That’s 628 followed by 16 zeroes! The 
electron is so small that you could put all 628 x 10'® in the 
bottom of a gallon bucket and still have room for a gallon of 
water. The letter Q is used to represent the quantity of elec- 
trons (also called charge) in a circuit. 

We said that current was the quantity of electrons that 
flow past a point in a circuit in 1 second. The letter I is used 
to represent current. We can express the relationship between 
current, charge, and time with the formula 


I Q . t —— t 
where, 


I is the current, 

Q is the charge, 

t is the length of time in seconds that we measure the charge 
passing a given point. 


The division sign in the formula can be read as “‘per”’ and thus 
current is coulombs per second. 

The basic unit of measure for current is the ampere. 1 
ampere of current is equal to 1 coulomb of electrons passing 
a given point in 1 second. If we sat by a point in a circuit with 
a stopwatch and counted electrons (a rather impossible task, 
of course) and counted 20 coulombs of electrons in a period of 
5 seconds, the corresponding value of current flow would be 
I = 20 +5 =4 amperes. The letter A is used as the abbreviation 
for amperes. 

Back in the first chapter you learned how to express volts in 
different units such as millivolts (mV) and microvolts (pV). 
We can use the same prefixes when talking about current. In 
most electronic circuits it is more convenient to express current 
in terms of milliamperes (mA) or microamperes (yA). 

Just to refresh your memory, milli is a prefix which means 
V4 oo9. One milliampere is equal to 0.001 ampere. To change 
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amperes to milliamperes, multiply the number of amperes by 
1000 (move the decimal point 3 places to the right). For 
example, 0.022 ampere x 1000 = 22 mA. To change milliamperes 
to amperes, divide the number of milliamperes by 1000 (move 
the decimal 3 places to the left). For example, 65 mA + 1000 = 
0.065 A. 

If the current is very low we may express it in microamperes 
(uA). Micro is a prefix which means ¥ 990.99). One micro- 
ampere is equal to 0.000001 ampere. To change amperes to 
microamperes multiply the number of amperes by 1,000,000 
(move the decimal 6 places to the right). For example, 
0.000156 A x 1,000,000 = 156 wA. To change microamperes to 
amperes divide the number of microamperes by 1,000,000 
(move the decimal 6 places to the left). For example, 82 
wA + 1,000,000 = 0.000082 A. 

An additional unit which is used occasionally is nanoamperes 
(nA). Nano is a prefix which means  o00.900.000: One nano- 
ampere is equal to 0.000000001 ampere. To change amperes to 
nanoamperes, multiply the number of amperes by 1,000,000,000 
(move the decimal 9 places to the right). For example, 
0.000000052 A x 1,000,000,000 = 52 nA. To change nano- 
amperes to amperes divide the number of nanoamperes by 
1,000,000,000 (move the decimal 9 places to the left). For 
example, 12 nA + 1,000,000,000 = 0.000000012 A. 

A chart showing the relationship between these various units 
is given in Figure 4-11. 

Current is measured with a current meter such as an am- 
meter, milliammeter, or microammeter. The function of a 
milliammeter is included in the VOM. Basically the current 
meter is placed in series with the load at the point where the 
current is being measured (Figure 4-12). The schematic 
symbol for an ammeter is a circle with the letter A. A milli- | 
ammeter would be indicated by mA; a microammeter by pA. 
You will recall that voltage is measured by placing the volt- 
meter across the load. In Chapter 7 you will make some prac- 
tical current measurements. 

In the early days of electricity, before the electron was dis- 
covered, it was thought that current flowed from positive to 
negative in a circuit. This direction is opposite to that of 
actual electron current flow. This is illustrated in Figure 4-13. 
This concept of current flow has been replaced by the electron 
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Figure 4-11. Relationship between various units of current. 


flow theory by most authors. Unfortunately, however, you 
will occasionally run across a magazine article or other 
literature where this “conventional current’ concept is er- 
roneously used. The reader must use his own intelligence to 
determine whether electron flow or “conventional current’ is 
being used. Throughout this series of books we will use elec- 
tron current flow. 


SUMMARY 


Current flow is the result of a voltage being applied to a 
circuit. Without voltage there will be no current flow. 





Figure 4-12. Current is measured in se- Figure 4-13. Illustration of “‘con- 
ries with the load. ventional current’ flow. 
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Some of the effects of current flow are production of 
light and heat. 

Current flow in an electrical circuit can be compared to 
the flow of water in a pipe. 

Current flow consists of the movement of tiny particles 
called electrons. Electrons are negatively charged and 
form part of the atomic structure of materials. 

Atoms of different materials differ in number of elec- 
trons, and in ease of moving electrons from one atom to 
another. The electrons in copper are quite easy to move 
by applying a source of energy such as a battery. 

In order to have current flow, we need two essentials—a 
source of voltage and a complete path through which cur- 
rent can flow. 

Electrons flow in the circuit from negative to positive. 
An “open” anywhere in the circuit will cause the current 
flow to cease. A “short” circuit causes excessive current to 
flow from the voltage source. 

The unit of measure for quantity of electrons or charge 
is the coulomb. One coulomb is 628 x 10'® electrons. 

The basic unit of measure for current flow is the am- 
pere. One ampere represents one coulomb flowing past a 
point in a circuit in one second. I = Q/t. Other units of 
measure for currents are mA, A and nA. 

Current is measured by an ammeter, milliammeter or 
microammeter. The current meter is placed in series with 
the load at the point of current measurement. 

“Conventional current” flow is opposite in direction to 
electron current flow. 


QUESTIONS 


. What is current? 

. What two things are necessary in order to have current flow? 
. What is the effect of an open circuit on current flow? 

. What is the effect of a short circuit on current flow? 


. What current is represented by the movement of 3 coulombs past a 
point in 6 seconds? 


. Convert 0.0026 A to milliamperes; to microamperes. 
. Convert 106 pA to milliamperes; to amperes. 


. Draw a circuit showing a battery connected to a load with a milliam- 
meter to measure current and a voltmeter to measure voltage. 
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CHAPTER 5 


RESISTANCE 


Resistance is the property of an electrical circuit which 
determines the amount of current which will flow for a given 
amount of applied voltage. For a constant source voltage, the 
higher the resistance, the lower will be the amount of current 
flow. For a given amount of voltage, if the resistance is dou- 
bled, the current will be cut in half. We will deal with the 
exact mathematical relationship between voltage, current, and 
resistance in Chapter 7. 

A sufficiently low resistance allows current to flow with 
negligible opposition or resistance. This is the desirable prop- 
erty of a conductor. Recall that in Chapter 4 you learned that 
a conductor is made of materials which have many free elec- 
trons which can enter into conduction as a flow of current. 
A conductor is considered anything which can conduct current 
with negligible opposition to the flow. Examples are copper 
wire, copper strips on a printed circuit board, metals, carbon 
such as in lead pencils, and impure water, such as salty water. 
Some of these examples are illustrated in Figure 5-1. 

A sufficiently high resistance tends to limit current to such 
an extent that no significant current can flow in the circuit. 
This is the desirable property of an insulator. Recall that an 
insulator is made of materials whose electrons are tightly 
bound to the nucleus and are not free to enter into conduction. 
An insulator is considered anything which can limit the flow 
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Figure 5-1. Examples of conductors. 


of current to an insignificantly low level. Examples are paper, 
glass, pure water, ceramic, plastic, mica, bakelite and dry 
wood. A resistor is a device which has a resistance value be- 
tween that of a conductor and that of an insulator. Resistors 
are made with specific values of resistance to control circuit 
current. This control of circuit current allows us to design 
specific circuits. Resistors are available with various materials 
used in their construction. Some of these materials are special 
alloy wire, carbon and oxides of metals. Various shapes and 
sizes of resistors are available for different applications. Some 
resistors are fixed in value, while others are variable. Some 
of the more common types of fixed resistors are illustrated in 
Figure 5-2. Generally speaking, the larger the resistor, the 
greater its power handling capability. We will deal with power 
in detail in Chapter 11. 





Figure 5-2. Some fixed resistors. 


48 


The amount of resistance is measured in units called ohms. 
The Greek capital letter omega (©) is the universal standard 
symbol for ohms. Resistance is measured using an ohmmeter 
or the ohmmeter function of a VOM. An ohm is defined as the 
resistance which allows a current flow of 1 ampere when a 
voltage of 1 volt is applied. 

The basic unit of resistance is too small for most practical 
applications. Resistance is expressed in larger units by use of 
prefixes. Kilohm and megohm are the most widely used units 
for resistance in electronic circuits. One kilohm is equal to 
1000 ohms and is abbreviated K ohms or KQ.. (Note: Many 
years ago the letter M was used to indicate kilohms and is still 
on some old schematics diagrams and parts labels.) The pro- 
cedure for converting from one unit to another is similar to 
that discussed for voltage and current and is summarized in 
the chart of Figure 5-3. 


—Techange [to ‘| ~~“ MoveDedinal —_ 










Figure 5-3. Relationship among units of resistance. 


One of the most economical and widely used types of resis- 
tors is the carbon composition resistor. This type is available 
in ratings from about 1 ohm to 22 megohms. They are avail- 
able in power ratings from \% watt to 2 watts. 

Resistance values are generally indicated by means of color 
bands or stripes on the resistor body. There are usually four 
bands or stripes on each resistor. The first three bands give 
the resistance value and the fourth band gives the tolerance 
of the resistance. The chart of Figure 5-4 shows the system 
that is used. 

The first band gives the first digit of the resistance, the sec- 
ond band gives the second digit and the third band gives the 
decimal multiplier. Let’s try some examples to see how the 
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COLOR ISTDIGIT 2ND DIGIT MULTIPLIER 


BLACK 
BROWN 
RED 
ORANGE 
YELLOW 
GREEN 
BLUE 
VIOLET 
GRAY 
WHITE 
GOLD 
SILVER 


lt Coconauvnewnrnre co 
1lioconroawnnwneKw oo 


EXAMPLE: YELLOW ot | gail 
VIOLET - (7) GOLD 
RED — (100) SILVER ie 


RESISTANCE 47 X 100 = 4700 OHMS (4.7K) NO BAND 20% 


Figure 5-4. Resistor color code. 


system works. We will assume that the first three bands on 
the resistor are brown, red and orange in that order. The first 
digit is 1, the second digit is 2 and the decimal multiplier is 
1000 (three zeros). The value of the resistor is 12,000 ohms 
or 12K ohms. 

Let’s try another one with bands of yellow, violet and black. 
The first digit is 4, the second is 7 and the decimal multiplier 
is 1 (no zeros). The resistance is 47 ohms. Another resistor 
has bands of orange, orange and green. The first two digits 
are 33 and the multiplier is 100,000 (5 zeros). The value is 
3,300,000 ohms or 3.3 megohms. 

The tolerance of a resistor expresses how much the actual 
value of the resistor may differ from the rated value as indi- 
cated by the color code. This tolerance is a percentage of the 
rated value. Standard tolerances are 5, 10 and 20% for carbon 
composition resistors. The fourth color band is used to indi- 
cate the tolerance. The colors used are also given in the chart 
of Figure 5-4. 

A few examples may help you to understand tolerance bet- 
ter. If the rated value of a resistor is 1000 ohms (color bands 
of brown, black, red) and the tolerance is 10% (silver band) 
the actual value may be anywhere between 10% below 1000 
to 10% above 1000. To find the possible range of values, mul- 
tiply the resistance value by the percentage (expressed as a 
decimal). In our example the difference is 1000 x 0.10 = 100 
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ohms. The lowest possible value for this resistor is 1000 — 100 
= 900 ohms. The highest possible value is 1000 + 100 = 1100 
ohms. 

Let’s try another one. The four bands on the resistor are 
red, red, yellow, and gold. The rated value is 220,000 ohms or 
220K ohms. The tolerance is 5%. The possible difference is 
220 x .05 = 11K ohms. The range of possible values is 220 — 
11 = 209K ohms to 220 + 11 = 231K ohms. 

These same color-digit relationships are used for color cod- 
ing other electronic components. If you have trouble learning 
or remembering the color code you may want to purchase a 
color-code guide such as the one illustrated in Figure 5-5. This 
guide is available at your Radio Shack store. 





Figure 5-5. Resistor color-code guide. 


Carbon composition resistors are available in certain stan- 
dard values of resistance. The standard values have been es- 
tablished by the EIA (Electronics Industries Association). A 
chart giving the standard values available with 5% and 10% 
tolerance is shown in Figure 5-6. 

You will notice in the chart that the sequence of significant 
digits for the 10% resistors is repeated with an additional 0 
added each time. Notice the sequence 10, 12, 15, 18, 22, 27, 33, 
39, 47, 56, 68, 82 is repeated 100, 120, 150, 180, 220, 270, 330, 
etc., and again 1000, 1200, 1500, etc. This choice of values is 
based on the possible range of values due to the tolerance. 
For example, the possible range of values of a 27 ohm resistor 
having 10% tolerance is from 27 — 2.7 = 24.30 to 27 + 2.7 = 
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29.70. The range of values of a 33 ohm resistor is 33 — 3.3 = 
29.70 to 33 + 3.83 = 33.30. For a 22 ohm resistor the range is 
22 — 2.2 = 19.80 to 22 + 2.2 = 24.20. This information is 
shown in the graph of Figure 5-7. You can see that the pos- 
sible values cover the complete range from 19.8 to 33.30. It is 
not necessary to have any other values between those given. 
This same relationship could be shown for any other group 
of values. 





Values in boldface type are 10% tolerances; all sizes are 5% tolerances normally 


available. 


Figure 5-6. Typical standard composition resistor sizes. 


Notice in the chart of Figure 5-6 that the values available 
with a 5% tolerance include all the 10% values, plus one addi- 
tional value between each of the 10% values. Since the range 
of each value is less with only 5% tolerance, it is necessary to 
have additional values to cover the complete range of possible 
resistance. 

This type resistor is also available with 20% tolerance. Since 
the range of each value is greater with 20% tolerance, it is 
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Figure 5-7. Possible resistances ranges of 10% tolerance resistor values. 


not necessary to have as many values to cover the complete 
range of possible resistance. The 20% resistor values follow 
the sequence of digits, 10, 15, 22, 33, 47, and 68. 

Carbon composition resistors have limitations which pre- 
vent their use in some applications. These limitations are over- 
come to a large extent by other types of resistors, such as wire- 
wound and deposited film. The wirewound resistor is generally 
used for higher power applications. They are available with 
power ratings from one to several hundred watts. The ceramic 
form and wire characteristics allow them to withstand high 
operating temperatures without damage. These resistors are 
noted for their long term stability. Some typical wirewound 
resistors are illustrated in Figure 5-2. 

Occasionally it is necessary to use an adjustable resistor in 
a circuit. If it is necessary to set the circuit current to a spe- 
cific value, an adjustable resistor can be used to accomplish 
this. An adjustable wirewound resistor is shown in Figure 5-8. 
The metal strap (adjustable lug) around the body of the re- 
sistor can be clamped anywhere along the exposed wire ele- 
ment until the exact value of resistance is obtained. Extra ad- 
justable lugs are sometimes used to obtain additional tapped 
values of resistance. 

Another common type is the deposited-film resistor. In this 
type resistor a film of carbon, or the oxide of some metal, is 
deposited around the outside of a cylindrical insulating body. 
Wire leads are connected to the ends of the deposited film and 


Figure 5-8. An adjustable wirewound 
resistor. Ba 
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the entire structure is coated with a hard insulating coating. 
This type resistor can also be made to very close tolerances, is 
available with higher voltage ratings than the carbon type, 
and has better long term stability. 

There are occasions where it is necessary to have a resistor 
whose values can be varied continuously from one value to 
another (usually from zero up to a certain value). An example 
of this is the volume control on your radio. In this case the 
variable resistor allows you to adjust the volume from zero 





Figure 5-9. Various types of variable resistors. 


up to a very loud level. This type of resistor is constructed 
in a circular shape with a resistive element of either carbon 
or some type of alloy wire and a movable contact which can 
be rotated to any position on the resistance element. This con- 
struction is illustrated in Figure 5-9 along with some typical 
variable resistors. This type resistor is often referred to as 
a potentiometer. Generally, the moving contact, called the arm, 
is capable of rotating about 270° around the resistive element. 

Potentiometers are made in various power ratings from \% 
watt to about 500 watts. Resistance values for potentiometers, 
sometimes called pots, range from about 0.5 ohm to 10 meg- 
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Figure 5-10. Shaft rotation versus resistance. 


ohms. Pots are also available with different tapers. By taper 
we mean the manner in which the resistance varies as the arm 
(movable contact) is rotated around the resistive element. 
A common taper is the linear taper. In this type the resist- 
ance changes at a constant rate with the rotation of the arm. 
This is illustrated by the graph of Figure 5-10. This graph 
shows the percentage of resistance for the degree of rotation 
of the arm. 

Another common taper is the audio taper, also shown in 
the graph of Figure 5-10. In this type of pot the amount of 
resistance change is low near the low end of the rotation and 
becomes greater as rotation gets near the end. Other tapers 
are available for special applications. 

When buying a potentiometer you usually have to specify 
the power rating, resistance value and the taper, as well as 
the particular case and mounting style desired. 

Occasionally variable resistors are made with only two ter- 
minals, one end terminal and a terminal for the moving con- 
tact. This type of variable resistor is called a rheostat. 

The schematic symbols used for resistors are shown in Fig- 
ure 5-11. The symbol for a fixed resistor is used regardless 
of the type of resistor (carbon, wirewound, etc.). The symbol 


t a a 
Fixed Resistor Potentiometer Rheostat 


Figure 5-11. Schematic symbols for resistors. 
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for the potentiometer is the same as that for an adjustable 
resistor. 

In some situations we may not have on hand the exact value 
of resistance we need for a specific application. It is possible 
to connect resistors together in different ways to get exactly 
the values we want. We can connect resistors in series to in- 
crease the amount of resistance. This is illustrated in Fig- 
ure 5-12. When resistors are connected in this way the total 





RI see Figure 5-12. Connecting resistors 


in series. 


resistance is equal to the sum of the individual resistances. 
We can express this in a formula as 


Rr = R; + Re + Rg + ee 


where R, is the total resistance as measured across the entire 
series circuit. For example, if we connect a 1200 ohm and a 
470 ohm resistor in series, the total resistance is 1200 + 470 = 
1670 ohms. If we connect a 100K ohm, 220K ohm and 560K 
ohm resistor in series, Ry = 100 + 220 + 560 = 880K ohms. 
We can also connect resistors in parallel as shown in Fig- 
ure 5-13. When we connect resistors in parallel the total re- 
sistance as measured across the entire parallel circuit is al- 


Figure 5-13. Connecting resistors 
RI R3 ‘ 
in parallel. 


ways less than the smallest resistor in the parallel combina- 
tion. The mathematical relationship for resistors in parallel is 


Sen | eee ee 

1 1 1 
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This relationship is easily remembered by the phrase, “the 
reciprocal of the sum of the reciprocals.” 


Rr = 
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When only two resistors are connected in parallel this for- 
mula simplifies to 


_R, X Re 
~ R,+R, 
This relationship is sometimes stated as, “the product over 


the sum.” For example, if 12K and 22K resistors are con- 
nected in parallel, the total resistance of the combination is 


Ry 


_ 12 x 22 
~ 12+ 22 


One interesting fact about resistors in parallel is that when 
like values are connected in parallel the total resistance is sim- 
ply the resistor value divided by the number of resistors. For 
example, two 10K ohms resistors in parallel result in a total 
resistance of 10 + 2 = 5K ohms. Four 10 megohm resistors in 
parallel have a total resistance of 10 + 4 = 2.5 megohms. 

There are some special types of resistors which we will sim- 
ply mention at this time. A VDR (voltage dependent resistor) 
is one whose resistance varies with the amount of voltage 
across it. An LDR (light dependent resistor) has a resistance 
value that varies with light intensity. Other resistors have re- 
sistance values dependent upon temperature (thermistor). 


Rr = 7.8K ohms 
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Resistors are common components in electronic equipment. 
When designing or troubleshooting equipment, it is handy to 
have a source of resistors available. A resistor substitution 
box makes this quite convenient. A group of common value 
resistors are mounted in a box and the value can be selected 
by means of a switch. The Radio Shack resistor substitution 
box is shown in Figure 5-14. 
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In previous sections you learned that conductors have a 
very small amount of opposition or resistance to the flow of 
current. Even though the resistance is small it does have a 
definite value. The actual resistance of a wire depends on 
three factors: length, size (or thickness) and the natural re- 
sistance of the type of metal used. For a given wire size (di- 
ameter) the longer the wire, the higher the resistance. 

The resistance is directly proportional to the length. This 
is expressed mathematically as R « l. R is the letter used to 
represent resistance in formulas, lis the length, and « is a 
symbol used to indicate that one thing is proportional to 
another. 

For a given length of wire, the greater the cross-sectional 
area (A) of a wire, the lower the resistance. The resistance 
is inversely proportional to the area. Expressed mathemati- 
cally, this is R « 1/A. 

The third factor is a property of the metal used for the 
wire. This property is called the resistivity of the material. 
Resistivity is the amount of resistance in a unit cube of the 
material and is designated by the greek letter rho (p). The 
resistance is directly proportional to the resistivity, R < p. 
Materials like gold, silver, and copper have low values of re- 
sistivity. Materials like carbon, tin, and metal alloys have a 
higher value of resistivity. If we combine all three of these 
factors into a formula we have this expression. 


_ pl 

=e 
There are standard wire sizes which are used in electrical 
and electronic circuits. The wire size is designated by a num- 
ber. Standard sizes for house wiring are No. 10, 12, or 14. 
A copper wire table provides some interesting information 
about wire. A partial wire table is shown in Figure 5-15. A 
complete copper wire table provides information about wires 
ranging in size from 0.46-inch diameter (No. 0000) to 0.0015- 
inch diameter (No. 46). A complete copper wire table is in- 
cluded in the Radio Shack Electronics Data Book. Our purpose 
here is just to point out a few basic facts about the resistance 

of wire. 

Notice in the chart that for each wire number, you can find 
the diameter of the wire, the resistance of 1000 feet of the 
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Resistance Normal Current 
Diameter per 1000 Handling Capacity 
in Mils Ohms Amperes 





Figure 5-15. Copper-wire table. 


wire and the maximum amount of current which should nor- 
mally be allowed to flow through the wire. The diameter is 
given in mils. A mil is 4 oo, of an inch. No. 10 wire has a diam- 
eter of 100 mils or 0.1 inch. The diameter of the wire is of 
importance when winding coils or transformers where space 
is a consideration. The resistance is considered when dealing 
with long lengths of wire such as installation of speakers and 
running long power cables. The current handling capability 
is considered for all applications. In some cases the choice of 
wire to use is dependent upon mechanical considerations. For 
example, a No. 40 wire may have adequate current handling 
capability but it is so small (about like a human hair) that it 
is not practical. Most “hookup” wire for use in electronic 
circuits is No. 20 or 22, covered with plastic insulation. 


SUMMARY 


Resistance is the property of an electrical circuit which 
determines the amount of current which will flow for a 
given amount of applied voltage. 

A conductor allows current to flow with negligible op- 
position or resistance. 

An insulator limits current flow to an insignificantly 
low value because of its extremely high resistance. 

A resistor has a resistance value between that of a con- 
ductor and an insulator. 

Resistance is measured in units called ohms. The sym- 
bol for ohm is 2. An ohm is the resistance which allows a 
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current flow of 1 ampere when a voltage of 1 volt is ap- 
plied. 

Other resistance units are widely used, such as the kil- 
ohm (1000 ohms) and the megohm (1,000,000 ohms). 

Common types of resistors used in electronics are car- 
bon composition, wirewound and metal film. 

Resistance values and tolerance for carbon resistors are 
indicated by means of a standard color code. Carbon re- 
sistors are available with standard resistance values from 
about 1 ohm to 22 megohms. 

Wirewound and metal film resistors are used for appli- 
cations where carbon resistors are not suitable. 

Adjustable resistors are used when the resistance must 
be set to some specific value. 

Variable resistors, such as potentiometers and rheo- 
stats are used in many applications. Potentiometers are 
available with either a linear or special taper. 

When resistors are connected in series the total resist- 
ance is equal to the sum of the individual resistances. 


Rey = FL > RZ FS F cscs woes 


When resistors are connected in parallel the total re- 
sistance is the “reciprocal of the sum of the reciprocals.” 


7 1 
ee 
aM ca tbin 


When there are only two resistors in parallel the relation- 
ship simplifies to the “product over the sum.” 


_ R1 x R2 
R1 + R2 


A resistor substitution box is a very handy piece of 
equipment for electronic design and troubleshooting. 

Information about wire such as diameter, resistance 
and current handling capability are given in a copper 
wire table. 

The resistance of a wire or device is given by the rela- 
tionship 


Ry 


= p! 
pe 





QUESTIONS 


. Define the term conductor. 
. Define the term insulator. 


. What is the basic unit of resistance and how is it related to current 


and voltage? 


. Convert 470,000 ohms to kilohms; to megohms. 
. Convert 390KQ. to ohms; to megohms. 


. A resistor has color bands of red, violet, yellow, silver. What is the 


nominal value, tolerance and possible range of values for the resistor? 


. Refer to the copper wire table of Figure 5-15. How much resistance is 


there in 10 feet of No. 22 wire? 


. What is the total resistance of the following combinations of series 


resistances? 

a. 1000, 2200. 

b. 15000, 2.7KQO, 4.7K. 
c. 4700, 1.2KQ, 6.8KQ. 


. What is the total resistance of the following combinations of parallel 


resistances? 

a. 8300, 8200. 

b. 10000, 10000, 5000. 
c. 2.7KQO, 4.7KQ. 
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CHAPTER 6 


RESISTANCE MEASUREMENTS 


In the last chapter we discussed the concept of resistance 
and some of the factors which determine resistance. In this 
chapter you will be making some resistance measurements 
with your VOM. Before starting through this chapter be sure 
you have the necessary additional items listed below. If you 
do not have all of these you can obtain them at your nearby 
Radio Shack store. The catalog numbers of these items are 
given in the material list. 


1. Resistor kit of 100 %-watt resistors 
2. Panel lamp indicators, 12 volt 


Resistance measurements are made using the ohmmeter 
function of the VOM. Before we start making measurements 
let’s get familiar with this function on our VOM. The resist- 
ance scale is the top scale of the meter. The scale of the typical 
VOM we have been discussing is shown in Figure 6-1. Notice 
that on this scale “0” is at the right end of the scale and re- 
sistance values increase to the left. The actual value indicated 
by the scale is dependent upon the setting of the range switch. 
The range switch is shown in Figure 6-2. There are four posi- 
tions on the ohmmeter portion of the switch. These are labeled 
R x 1, R x 10, R x 100, and R x 1K. These designations refer 
to the multiplier which must be applied to the scale values for 
each switch position. The test leads are placed in the same 
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Figure 6-1. The scale of a typical VOM. 


jacks that are used for voltage measurement—COM and V-0-A. 
Another part of the ohmmeter function is the ohms adjust 
(OHMS ADJ) control located to the left of the range switch and 
illustrated in Figure 6-2. This control is used to set the pointer 
to “0” ohms before you start measuring. 









OHMS ADJ. ~ 


OUTPUT  DC1200V 
AC 1200V 


DC 600V 
® 


© COM BV-Q=-a 











Figure 6-2. The range switch. 
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When the test leads are connected to the resistance being 
measured, an internal battery in the VOM causes a current 
to flow through the resistance. The meter deflection caused by 
this current is calibrated in resistance. This current which 
flows through the test leads can be excessive under some con- 
ditions and may cause damage to some very sensitive types 
of components. Current through the meter is always highest 
on the lowest resistance range. 

The basic procedure to be used for measuring resistance is 
quite simple. The four steps used are as follows: 


1. Select the proper range. If the approximate value of re- 
sistance is not known, start with the highest range. The 
range can be reduced as necessary to obtain an accurate 
reading. 

2. Touch the two test leads together and adjust the OHMS 
ADJUST control until the meter reads 0. 

3. Place the test leads across the resistance being measured. 

4. Read the value of the resistance on the meter scale. Care 
must be used in interpreting the scale markings since the 
scale is nonlinear. 


The values on the scale are dependent upon the position of 
the range switch. On the R x 1 range the scale values are read 
directly from the scale. On the R x 10 range we mentally mul- 
tiply the scale by 10 (add a zero at the end of each scale value). 
For example, in this position a reading of 60 means a resist- 
ance of 600 ohms is being measured. On the R x 100 range we 
mentally multiply the scale by 100 (add two zeros to the scale 
reading). On the R x 1K range we mentally multiply the scale 
by 1000 (add three zeros to the scale reading). 

Listed below are a few basic rules which you should keep 
in mind as you make resistance measurements. 


1. Power must be removed from the circuit under measure- 
ment or the meter may be damaged. 

2. The device or component under measurement must not be 
paralleled by other resistances. That is, the device must 
be isolated from other conductive paths or resistances. 

3. Use the resistance range which yields a near center-scale 
reading for best accuracy. 
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4. Adjust OHMS ADJUST for 0 for each resistance range be- 
fore making measurements on that range. 

5. If zero cannot be obtained in the lowest range of the 
ohmmeter the battery in the VOM is weak and must be 
replaced. An old, weak battery left in the meter will give 
inaccurate readings, but worse still, it may leak acid 
which will damage the meter. 


Now let’s make some measurements. Use the kit of 100 re- 
sistors and separate the resistors into groups by resistance 
value. This is a good time to practice the color code that you 
learned in the last chapter. You will notice that there are 
three to six resistors of each value listed in the chart of Fig- 
ure 6-3. After you have separated the resistors, start with the 


Marked Marked 
Value Measured Value Value Measured Value 





Figure 6-3. Measured resistances of resistors from package. 


lowest ones, 15 ohms, and measure the value of each resistor 
and place the value in the blank provided. 

Notice that measured values of resistance generally do not 
exactly equal the color code values. This is normal due to the 
tolerance of the resistors themselves and the accuracy of the 
meter. 

Next, we'll get some practice with series circuits. In the 
last chapter you learned that the total resistance of resistors 
in series is equal to the sum of the individual resistances. You 
can conveniently connect resistors in series, using some of 
your test lead jumper cables as shown in Figure 6-4. Use the 
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Figure 6-4. Use jumper leads to series resistors. 


various resistor combinations listed in the chart of Figure 6-5 
and calculate or estimate and then measure the resistance of 
the series connection. Enter your calculated (or estimated) 
values and the measured values in the blanks in the chart of 
Figure 6-5. The calculated and measured values for each com- 


Resistors to Be Calculated or Measured 
Series-Connected Estimated Total Value 





Figure 6-5. Calculated and measured values of series resistors. 


bination should be reasonably close, taking into account the 
accuracy of the meter and tolerance of the resistors. 

We can do a similar experiment with parallel resistors. 
Recall that the total resistance for two resistors in parallel 
is the “product over the sum.’ When two or more resistors 
of the same value are in parallel, the total resistance is equal 
to the resistor value divided by the number of resistors. 
Resistors can be connected together using jumper cables as 
shown in Figure 6-6. Use the various resistor combinations 
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Figure 6-6. Use jumper leads to parallel resistors. 


listed in the chart of Figure 6-7 and calculate and then mea- 
sure the resistance of the parallel connections. Place your 
calculated (or estimated) values and measured values in the 
chart of Figure 6-7. 


Resistors to Be Calculated or Measured 
Parallel-Connected Estimated Total Value 
(Ohms) 


100, 100 





Figure 6-7. Calculated and measured values of parallel resistors. 


With the ohmmeter set on the highest range, hold the tip 
of a test lead in each hand. Record the resistance: _—soohms. 
The reading that you get will depend on the resistance of your 
skin. If you happen to be sweating or are nervous, your skin 
resistance will be lower than when you are calm. This is one 
of the principles of the “lie detector.” The fact that your body 
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has a measurable amount of resistance is important to keep 
in mind when measuring high values of resistance. If your 
hands happen to be touching the test leads while you are 
making the measurement, you may get an inaccurate reading. 
Measure a 1 megohm resistor without touching the leads, and 
then touching the leads. You will notice a difference in the two 
readings. Repeat this with a 100 ohm resistor and notice that 
body resistance has no effect because it is very much higher 
than the 100 ohm value. 

We can illustrate a very interesting property of light bulbs 
with the ohmmeter. Use the R x 1 range and measure the re- 
sistance of one of the 12-volt pilot lamps: ohms. 
Repeat measurement on the R x 10 range: ohms. 
Notice that the resistance on the R xX 1 range is significantly 
higher. This is due to the characteristic of the tungsten fila- 
ment in the bulb—the resistance depends on the amount of 
current flowing through it. 


LOS FE SR 
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Figure 6-8. Measuring resistances of different areas. 


To prove to yourself that there is actually current flow in 
the test leads, touch the leads to the terminals of a transistor 
radio speaker or earphones and notice that a click or scratch 
is heard. 

One of the relationships that we discussed in the last chap- 
ter was that the resistance of a wire or conductor is propor- 
tional to the length of the conductor and inversely proportional 
to the cross-sectional area of the conductor. We can illustrate 
this with a few simple experiments. In Figure 6-8 you will 
notice four rectangles of different sizes. Carefully darken 
these rectangles with a No. 1 or No. 2 lead pencil (not an in- 
dellible type or “plastic lead” type). Try to make the layer of 
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lead as heavy and uniform as possible and stay within the 
lines as much as possible. 

Set your ohmmeter on the R x 1K range. Notice that rec- 
tangle B is four times as long as A but has the same width 
(cross-sectional area). Since the resistance is directly propor- 
tional to length, the resistance of B should be about four times 
the resistance of A. Measure the resistance of A by placing 
the test leads close to the ends of the darkened rectangle: _ 

ohms. Measure the resistance of B: 

ohms. The last reading should be about four times the first. 
It may not be exact because of differences in the thickness of 
the layer of lead in each case. Notice that rectangle C is the 
same length as A but is twice as wide. Since the resistance 
is inversely proportional to the cross-sectional area (repre- 
sented by the width in this example), the resistance of C 
should be about that of A. Measure the re- 
sistance of C: ohms. This reading should be 
about one half that of A. Rectangle D is twice as long as A 
and twice as wide also. Since the length is doubled and the 
area is doubled you would expect the resistance of D to be 
about to the resistance of A. Measure the re- 
sistance of D: ohms. This reading should be 
about the same as that of A. 


B 


Figure 6-9. Illustrating basic linear and nonlinear tapers. 
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Another item that was brought out in the last chapter was 
the taper of variable resistors. We can illustrate basic tapers, 
linear and nonlinear with the help of Figure 6-9. Fill in the 
rectangle A, and the long triangle B with a soft pencil just 
as you did in the previous figure. 

Set your ohmmeter on the R x 1K range. Place one test lead 
at the left end of rectangle A. Place the other test lead right 
along side of the first and then gradually slide the second test 
lead along the length of the rectangle. Notice that the resist- 
ance gradually changes as the lead moves across the conduc- 
tor. Measure the value of resistance between adjacent points 
on the rectangle and record the values. a-b: 
b-c: , c-d: , d-e: 

Notice that the resistance between adincsnt segments is suai 
the same. This illustrates a linear taper. Now move down to 
triangle B. Place one test lead at the left end of the triangle. 
Place the other test lead right along side of the first lead and 
then gradually slide the second test lead along the length of 
the triangle. Notice that the resistance gradually changes as 
the lead moves across the conductor but at a different rate 
than for the rectangle above. Measure the value of resistance 
between adjacent points on the triangle and record the values. 

a-b: , b-c: , d-e: 

Notice that the Posintanee between Sdixcent segments wend 
ually increases. This illustrates a nonlinear taper. The most 
common nonlinear taper is the “audio taper” which is used in 
audio amplifier volume controls. 

We can illustrate the principle of insulators with a similar 
experiment. Darken in the squares shown in Figure 6-10. 


ites ote Se 


Figure 6-10. Nlustrating the principles of an insulator. 
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Don’t forget to pencil in the single line between the squares 
at D. With the ohmmeter set on the highest range place one 
test lead on each of the two dots at A in the figure. The resist- 
ance should read infinite («) because paper is an insulator. 
Move the test leads to the two squares at B. The reading should 
still be infinite. Even when the distance between the squares 
is quite small, as at C, the reading will still be infinite. Occa- 
sionally insulators develop faults and a slight conductive path 
exists across the insulator. This is illustrated by the line be- 
tween the squares at D. Measure the resistance between the 
two squares: ohms. Even though the reading 
is still quite high it is no longer infinite. When this condition 
exists in an insulator, it is said to have “leakage.” The con- 
ductive path is referred to as the “leakage path” and the re- 
sistance measured is called the “leakage resistance.” 

Another common use of the ohmmeter in electronic servic- 
ing is checking continuity of conductors. By continuity of a 
conductor we mean a continuous conductive (low resistance) 
path between two points in a circuit. To check continuity the 
ohmmeter is used to measure the resistance between the two 
points in question. The Rx1 range is used to insure that the 
reading is as near to zero ohms as possible. You can practice 
checking continuity by measuring the resistance between the 
clips at each end of your set of jumper cables. The resistance 
of each jumper lead should be 0 ohms. A reading which is 
significantly higher indicates either a broken lead or a bad 
connection. 

The ohmmeter is quite often used to locate intermittents. 
An intermittent is a fault condition which shows up during 
certain mechanical, electrical or thermal conditions. The re- 
sistance of an intermittent conductor increases momentarily 
from zero to a high value. This condition is referred to as an 
intermittent open. For example, an intermittent open caused 
by a cracked printed circuit board can be found by using the 
RxX1 range of the ohmmeter. The continuity of the suspected 
conductor is measured while flexing the printed circuit board. 
The intermittent open is indicated by a momentary change in 
the meter reading. 

The resistance of an intermittent insulator momentarily de- 
creases from infinity to some low value. This condition is re- 
ferred to as an intermittent short. For example, an intermit- 


72 


tent short caused by broken insulation between some wires in 
a cable can be found by using the highest ohmmeter range. 
The resistance between suspected wires is measured while flex- 
ing the cable. The intermittent short is indicated by a momen- 
tary change in the meter reading. 


SUMMARY 


Resistance measurements are made using the ohmmeter 
function of the VOM. The major parts of the ohmmeter 
are the scale, range switch and ohms adjust control. The 
resistance value indicated by the scale is dependent upon 
the setting of the range switch. 

An internal battery causes current to flow through the 
circuit when resistance is measured. 

There are four steps used when resistance is measured. 


1. Select proper range. 

2. Touch test leads together and zero the meter. 

3. Place leads across resistance being measured. 
4. Read the value of resistance on the meter scale. 


There are 5 basic rules to keep in mind when making 
resistance measurements. 


1. Remove power from circuit being measured. 
. Isolate component to be measured. 
3. Use the resistance range which yields a near-center 
scale reading for best accuracy. 
. Check meter zero on each range used. 
5. If zero cannot be obtained in lowest range, replace ohm- 
meter battery. 


bo 


— 


The total resistance of resistors in series is equal to the 
sum of the individual resistances. 

The total resistance of two resistors in parallel is the 
“product over the sum.” When two or more resistors of 
like value are connected in parallel, the total resistance 
is equal to the resistor value, divided by the number of 
resistors. 

When measuring high values of resistance, be sure that 
your hands are not touching the test leads. 
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The resistance of light bulbs is dependent upon the 
amount of current through them. 

The resistance between the terminals of an insulator is 
usually extremely high. If a slight conductive path de- 
velops across the insulator it is said to have “leakage.” 

An ohmmeter can be used to check the continuity of a 
conductor. Continuity of a conductor means a continuous 
conductive (low resistance) path between two points in a 
circuit. 

An ohmmeter can be used to locate intermittents. An 
intermittent is a fault condition which shows up during 
certan mechanical, electrical, or thermal conditions. A 
circuit may have an intermittent open (high resistance) 
or an intermittent short (low resistance). 


QUESTIONS 


~ 


. What is the purpose of the ohms adjust control on an ohmmeter? 


. What is the probable cause of not being able to zero the ohmmeter on 


the R x 1 range? 


. Give the four-step procedure for measuring resistance. 


. On the meter we discussed, what range switch positions would be used 


for measuring the following resistances? 
a. 2KQ 

b. 100 

c. 10K 

d. 00 


. Why must the power be removed from a circuit before resistance mea- 


surements are made? 


. What is the range of possible resistance values for a 15KQ, 10% re- 


sistor? Do all of your 15KQ resistors fall within this range? 


. What is meant by an intermittent short? What range on the ohmmeter 


is used to detect an intermittent short? 


. What is meant by an intermittent open? What range on the ohmmeter 


is used to detect an intermittent open? 








CHAPTER 7 


OHM’‘S LAW 


In the previous chapter we mentioned the general relation- 
ships between voltage, current and resistance in an electrical 
circuit. Now we are ready to deal with the exact relationships. 
Before starting through this chapter be sure that you have a 
variable-voltage DC power supply capable of delivering up to 
24 volts. A recommended supply is given in the parts list. 

The most basic mathematical relationship between voltage, 
current and resistance is known as Ohm’s Law. This law was 
first discovered in 1827 by Georg Simon Ohm, an early pioneer 
in the study of electricity. He discovered that the current in a 
circuit is directly proportional to the voltage and inversely 
proportional to the resistance. Stated in a formula this is ex- 
pressed as 


L=e 
The current is equal to the voltage divided by the resistance. 
This formula can be used to find the current in a circuit when 
the voltage and resistance are known. 
If the voltage and current are known, and the amount of 
resistance is to be found, the formula can be rearranged to 


_E 
clea 


The resistance is equal to the voltage divided by the current. 
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A B 
Figure 7-1. Illustrating Ohm’s law. 
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If the current and resistance are known, and you want to 
know the voltage, the formula can be rearranged to 


E=IR 


The voltage is equal to the current multiplied by the resistance. 

As we go through this chapter, you will learn when and 
how to use each of these formulas. Some people have found 
the sketch in part A of Figure 7-1 to be helpful in remem- 
“bering these three relationships. If you want to know the 
formula for finding the current, place your finger over the I 


as in part B. is visible and thus I = R: If you want to know 
the formula for finding resistance, cover the R with your 
finger as in Part C. = is visible and thus R = = The formula 


for voltage is found by placing your finger over the E, part D. 
IR is visible and thus E = IR. It is vitally important to your 
success in electronics that you understand and remember these 
three relationships and understand when and how they can 
be applied to circuit problems. 


Figure 7-2. Calculating current in a 
simple series circuit. 





Let’s try a few sample calculations to demonstrate the use 
of Ohm’s law. If a 30-volt source of voltage is connected across 
a resistance of 3 ohms (Figure 7-2), how much current will 
flow through the resistor? Using the formula I = E/R and in- 
serting the values for E and R we have I = 30/3 = 104. 

If a 9-volt source is connected across a resistance of 4.5K 
ohms, how much current will flow through the resistor? I = 


76 


9 

4.5 x 10° 
tions of this type by noticing that when you divide volts by 
K ohms, the resulting current flow is given in mA. In the above 
example 9/4.5K = 2 mA. A similar relationship exists between 
volts, megohms and pA. For example, if a 6-volt source is 
connected across a resistance of 2 megohms, the current flow 
will be: 


=2x10-*A=2mA. You can save time in calcula- 


‘s 6 
~ 2x 108 


Or simply 1=6/2M=3 yA. When using the simplified pro- 
cedure, the symbols K, mA, M and wA should be included in 
the formula. This helps us to remember to use the proper units 
of measure in the answer. 

Suppose you wanted to know how much resistance was nec- 
essary to limit the current flow to 25 mA in a circuit which 
had a voltage of 250 volts. We can use the formula R= E/I 
and insert the values for E and I. 


I =3x10-*A=—8 pA. 


250 
25mA 


This same relationship can be used to determine the value of 
resistance already in a circuit. If the voltage across a resistor 
is measured as 76 volts, and the current through the resistor 
is measured as 4.2 mA, the value of resistance is R = 76/4.2 
mA = 18K ohms. 

If the value of resistance is known and the current is known 
or can be measured, the value of voltage across the resistor 
can be determined. For example, the current flow through a 
6.8K resistor is measured as 15 mA. The voltage across the 
resistor can be found by using the formula E = IR and insert- 
ing the values for I and R. E=15mA x 6.8K = 102 volts. 

In Chapter 4 you learned that current is measured by using 
an instrument called an ammeter, milliammeter, or micro- 
ammeter. The function of DC current measurement is pro- 
vided by the VOM. The scales used for DC current mea- 
surement on our typical VOM are the same ones used for DC 
voltage measurement. The particular scale used and the value 
of current indicated by the scale is dependent upon the position 
of the range switch. The scale is shown in Figure 7-3 and the 


1 = 10K ohms. 
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Figure 7-3. The scale of a typical VOM. 


range switch is shown in Figure 7-4. There are four switch 
positions for the current function. These are labeled 60yu, 3m, 
30m, and 300m. In the 60 position the third range of cali- 
brations (0 to 60) is used and the full-scale value is 60 pA. 
The current values are read directly from the scale. In the 3m 





Figure 7-4. Range switch of typical VOM. 
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position the first range (0 to 3) is used and the full-scale value 
is 3 mA. The values are read directly from the scale. In the 
30m position the same scale is used, but we mentally multiply 
each scale value by 10 (add one zero). The full scale value 
is 30 mA. In the 300m position the same scale is used, but we 
mentally multiply each scale value by 100 (add two zeros). 
The full scale value is 300 mA. 

The black test lead is placed in the COM jack and the red 
test lead in the v-9-A jack. 

When measuring current, the meter is placed in series with 
the load at the point where the current is being measured 
(Figure 7-5). 

There are a few simple rules to keep in mind when making 
current measurements. 


1. Disconnect the power before inserting the current meter. 

2. Polarize the meter so that the electron current enters the 
COM (—) terminal and leaves the v-Q-A (+) terminal as 
shown in Figure 7-5. If the meter is placed in the circuit 
with the wrong polarity the meter pointer will deflect 
down-scale. 

3. Use the proper meter current range. If the approximate 
value of current is known, use the lowest range which 
includes the expected current. If the value of current is 
unknown, always start with the range switch in the high- 
est position and switch downward until the proper range 
is reached. For best accuracy, always use the lowest me- 
ter range which includes the current under measurement. 


Figure 7-5. Place meter in series with E 
load to measure current. 





4, Energize the circuit, notice the position of the pointer on 
the meter scale, and read the value of current. Keep in 
mind the previous experience you have had in interpret- 
ing the meter scales. 

5. CAUTION: Never place a current meter across (in par- 
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allel with) a voltage source as excessive current flow may 
burn out the meter. 

6. After current measurements are finished, restore the me- 
ter range switch to the highest voltage range (or the OFF 
position if provided). This helps protect the meter against 
accidentally connecting the meter across a voltage source 
later on when you forget to set the range switch properly. 


Let’s set up a simple circuit so we can get some experience 
with current measurements. If a 1K resistor is connected 
across a 15-volt source, the current flow will be I = E/R = 15/ 
1K = 15 mA. Set up the circuit with the variable voltage power 
supply as shown in Figure 7-6. Before using the power supply, 





Figure 7-6. Hookup of circuit to variable power supply. 


carefully read the operating instructions. Set the VOM range 
switch to 30m. Start with power supply output at 0 volts. 
Gradually increase the output voltage while observing the 
current meter and power supply voltmeter readings. Adjust 
for a voltage of 15 volts. You should read approximately 15 
mA on the VOM. Don’t expect the reading to be exactly the 
same as the calculated value. This is due to the tolerance of 
the resistor and the accuracy of the current and voltage me- 
ters. For example, the tolerance of a 10% resistor could give 
us a current reading anywhere between 13.5 and 16.5 mA! 


If your reading is not close to the 15 mA value, double check 
the resistor color code and your interpretation of the meter 
scales. Reduce power supply output to 0 V after making the 
measurement. 

If the resistance is changed to 10K ohms, what will be the 
value of current flow? I= E/R=15/10K=1.5mA. Change 
the resistor in the circuit of Figure 7-6 to 10K and switch the 
VOM range to 3m. Gradually increase the voltage to 15 volts 
(watch the meters). Current value: mA. This 
should be close to 1.5 mA. Reduce supply to 0 volts. 

Now we'll change the resistor value to 330K. 330K is equiv- 
alent to 0.88 megohm. The current flow will be I = E/R = 15/ 
0.33 M = 45 pA. 

Replace the 10K resistor with a 330K resistor and switch 
the VOM range switch to 60u. Gradually increase the voltage 
to 15 volts. Current value: pA. This should be 
close to 45 wA. Reduce supply to 0 volts. 

Make the calculation on the next one yourself and check 
your results by measurement. What current will flow if 10 
volts is applied to a 220K resistor? Remember to check cur- 
rent range and increase voltage slowly. Calculated current: 

. Measured current: 

Calculate the resistor value necessary to limit the current 
to approximately 4.2 mA with a 20-volt source. R = 
___. Select one of your resistors which is closest to this value 
and insert in the circuit. Measured current: 

What value of resistor will limit the current to about 40 ik 
with a 9-volt source? R = . select the resistor 
closest to this value and insert in the Gresik. Measured cur- 
rent: 

If a current of 1 ik flows through a 10K resistor, what is 
the voltage across the resistor? E = IR = 1 mA x 10K = 10 
volts. Set up the circuit of Figure 7-6 with a 10K resistor and 
adjust the power supply until 1 mA of current is flowing. What 
is the voltage indicated by the power supply meter? 

____.. This should be close to 10 volts. 

If a current of 43 wA flows through a 470K resistor, what 
is the voltage across the resistor? Calculated voltage: 

. Connect a 470K resistor in the circuit and adjust the 
power supply until 43 vA of current is flowing. What voltage 
is indicated by the power supply meter? , 
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In the foregoing calculations and measurements you have 
practiced using all three forms of Ohm’s Law. In the next few 
chapters we’ll apply this law to some more complicated circuits. 

Due to the complexity of many relationships in electronics 
it is more convenient to visualize these relationships in a 
graphical form than to use a long data chart. A graph is a 
visual presentation of the relationship between two or more 
electrical quantities. For example, in the relationship I = E/R 
we might be interested in the manner in which the current 
changes if we change the voltage across a resistance. Let’s take 
a 1K resistor and see how the current changes as the voltage 
is changed. We can calculate the current flow for certain val- 
ues of voltage. The chart of Figure 7-7 gives these values of 


Calculated Current Measured Current 








Figure 7-7. Data chart for circuit measurements. 


current and voltage. Assumed voltage values are listed in col- 
umn 1 and calculated current values for the 1K resistor are 
listed in column 2. This information can be presented on a 
graph by following certain standard procedures. The basic 
parts of a graph are shown in Figure 7-8. The values of the 
quantities involved are placed along the two coordinates. The 
horizontal line at the bottom is called the X axis or abscissa. 
We place the values of the independent variable along this line. 
The independent variable is the one which we control, voltage 
in this example. The vertical line at the left is called the Y axis 
or ordinate. We place the values of the dependent variable 
along this line. The dependent variable is the variable whose 
value is dependent upon the value of the independent variable. 
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Figure 7-8. Basic parts of a graph. 
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X Axis 
Independent (Abscissa) 
Variable 

Values 





Origin 


The current is the dependent variable in our example. The in- 
tersection of the X and Y axes is called the origin and is the 
0 value point for both the independent and dependent vari- 
ables. A title block is always included which describes the 
purpose of the graph and presents any special conditions un- 
der which the information or data was obtained. The graph 
is constructed by transferring the information in the data 
chart to the graph. A point or small circle is placed at the 
intersection of corresponding values of the two variables. 
Figure 7-9 is a graph of the data presented in the chart of 
Figure 7-7. The X axis is calibrated with the values of volt- 
age. The Y axis is calibrated with values of current. When 
plotting values which do not fall directly on one of the lines 
on the graph, you may estimate the location of the value in 
the same manner as you interpret meter readings that fall 
between the lines on the meter scale. The first pair of values 
from the chart, E = 0 V, I= 0 mA is plotted by a point at the 
origin. The next pair of values, E=5 V, I[=5mA is plotted 
at the intersection of the 5 volt and 5 mA lines. The other pairs 


Relationship between 
current and voltage 
ina 1000 N resistor 


Figure 7-9. Graph of the data pre- Cornet 
sented in Figure 7-7. on 





ie} 5 io I& 20 25 
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of values are plotted in a similar manner and then a smooth 
line is drawn through all the points. In this case a straight 
line can be drawn through all of the points. 

You will notice in the chart of Figure 7-7 that column 4 
is labeled ‘““Measured Current, R = 1K, mA.” Set up a circuit 
to measure the current through a 1K resistor for the different 
values of voltage. Refer to Figure 7-6 if you need help in set- 
ting up the circuit. Place the values of measured current in 
the chart and then plot these values on the graph on Fig- 
ure 7-9. Draw a line through the points. This line should fall 
close to the previous line, taking into account all of the factors 
affecting the accuracy of the readings. 

Let’s repeat the same series of calculations and measure- 
ments with a resistance of 2K ohms. Connect two 1K resistors 
in series to provide the 2K ohms of resistance. Measure the 
current at each value of voltage indicated in the chart and 
place the value of current in the fifth column of Figure 7-7, 
labeled “Measured Current, R = 2K, mA.” Plot these values 
on the graph of Figure 7-9. 

By observing the lines in the graph of Figure 7-9, we can 
draw the following conclusions about the relationship between 
current and voltage. 


1. For any value of resistance, as voltage increases, current 
also increases. For example, when the voltage is doubled 
the current is doubled. Since the voltage and current are 


Calculated Measured 
Current Current 





E constant at 20 V DC 


Figure 7-10. Calculated and measured currents. 
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increased by the same factor, we can say that the current 
is directly proportional to the voltage. 

2. Since the graph of the relationship is a straight line, the 
relationship is said to be linear. 

3. The lower the resistance, the higher the current and the 
steeper will be the graph of current versus voltage. The 
slope of the line gives us an indication of the value of 
resistance. The steeper the slope, the lower the value of 
resistance. For very low values of resistance (approach- 
ing a short circuit) the slope becomes quite steep (almost 
vertical) and the current value will be excessively high 
even for low values of voltage. 

4. The measured values may not be exactly the same as the 
theoretical (calculated) values. 


Let’s examine the relationship between current and resist- 
ance if the voltage is held constant. Using the relationship I = 
E/R, with a fixed value of voltage of 20 volts, calculate the 
current flow for the values of resistance listed in column 1 
of the chart of Figure 7-10. Place the values of current in col- 
umn 2 of the chart. After all the calculations have been made, 
set up a circuit with the supply set at 20 volts and measure 
the current for the different values of resistance. You may 
have to connect resistors in series to obtain the chart values. 
Use your clip leads to do this. Place the values of measured 
current in column 3 of the chart. Next plot the corresponding 
values on the graph of Figure 7-11. Use one colored pencil for 
the calculated values and another color for the measured val- 
ues. Draw a smooth line through each set of points. The two 






Relationship between 
current and resistance 
with a fixed voltage 
of 20 volts 


Current 


Figure 7-11. Graph for data pre- 
sented in Figure 7-10. 
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curves should be fairly close to each other. Notice several 
things about the curves. 
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1. As the resistance increases in value, the current de- 
creases. Thus we can say that the current is inversely 
proportional to resistance. For example, as resistance is 
doubled, the current is halved. 

2. Notice from the curves that as resistance is decreased 
the current increases at an ever increasing rate. For this 
reason we must have enough resistance in a circuit to 
limit the current to a safe value. 


SUMMARY 


The most basic relationship between voltage, current 
and resistance is Ohm’s Law. The three forms of this law 
are: 


I= E/R R= E/I E=IR 


Usng these relationships any of the three quantities 
can be found if the other two are known. 

Current is measured using an ammeter, milliammeter 
or microammeter. The function of DC current measure- 
ment is provided by the VOM. 

When measuring current, the meter is placed in series 
with the load at the point where the current is being mea- 
sured. The following rules should be followed when mak- 
ing current measurements. 


1. Disconnect the power before inserting the current 
meter. 

2. Polarize the meter so that the electron current enters 
the com (—) terminal and leaves the v-Q-a (+) terminal. 

3. Use the proper meter current range. If the value of cur- 
rent is unknown, always start with the range switch in 
the highest position and switch downward until the 
proper range is reached. 

4. Energize the circuit, notice the position of the pointer 
on the meter scale and read the value of current. 

5. CAUTION: Never place a current meter across (in 
parallel with) a voltage source as excessive current 
flow may burn out the meter. 


6. After current measurements are finished, restore the 
meter range switch to the highest voltage range (or 
the OFF position if provided). 


You have gained some experience in calculating values 
using Ohm’s law and verifying your calculations by ac- 
tual measurements. 

A graph is a visual presentation of the relationship be- 
tween two or more electrical quantities. Values of quanti- 
ties can be presented in a data chart and a graph can be 
constructed from these values. The graph is plotted on 
two coordinates with the independent variable on the X 
axis and the dependent variable on the Y axis. 

When the relationship between current and voltage 
with a fixed value of resistance was plotted, we observed 
that the current is directly proportional to the voltage 
and that the relationship is linear. 

The slope of the line gives us an indication of the value 
of resistance. The steeper the slope, the lower the value of 
resistance. 

When the relationship between current and resistance 
with a fixed voltage was plotted on a graph, we observed 
that current is inversely proportional to the resistance. 


QUESTIONS 


. Give the three mathematical forms of Ohm’s law from memory. 


. What current will flow when 47K ohms is placed across a 9-volt 
source? 


. What current will flow when 325 volts is applied across a 5K ohm load? 


. What resistance is indicated by a current flow of 300 pA when 60 
volts is applied? 


. How much resistance is required to limit current flow to 5 mA when 
120 volts is applied? 


. What is the voltage across a 1 megohm resistor which has 0.5 mA of 
current flow through it? 


. How much voltage is applied to a circuit in which 25 mA flows through 
a 8K ohm resistor? 
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9. The current in a circuit with fixed resistance is measured as 30 MA. 
To double the current value, the voltage must be 


10. The current in a circuit with fixed voltage is measured as 30 mA. 
To double the current value, the resistance must be 





CHAPTER 8 


SERIES CIRCUITS 


In the previous chapter you learned the relationship between 
voltage, current and resistance in a simple circuit consisting 
of a voltage source and a resistor. Most of the actual circuits 
you will encounter in your study and work in electronics are 
more complicated than this. There are many combinations of 
resistors and other circuit elements which are used in actual 
circuits. One of the common circuit configurations is the series 
circuit. The schematic diagram of a series circuit consisting 
of three resistors in series across a voltage source is shown 
in Figure 8-1. 

In this type of circuit the current flows out of the battery 
negative terminal, through each of the resistors and then into 
the positive terminal of the battery. There are three impor- 
tant relationships in the series circuit which will hold true 
regardless of the number of resistors in the circuit. We will 
state these relationships first and then consider each in more 
detail. 


1. The total resistance in the circuit is equal to the sum of 
the individual resistances. 

2. The same value of current flows in all parts of the circuit 
and is equal to the applied voltage divided by the total 
resistance. 

3. The sum of the individual resistor voltages is equal to the 
applied voltage. 
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In Chapter 5 you learned that the total resistance in a series 
circuit is equal to the sum of the individual resistances. 


Rr = R1 + R2+ R3+... 


In the circuit of Figure 8-1 the total resistance is 


Rr = 1K + 2K + 10K = 13K ohms 


The current flow is found using Ohm’s law. 


KE, 26 _ 

The path for electron flow in this type circuit is directly 
through each resistor from the source negative terminal to 
the source positive terminal. Since the current flows from one 
resistor to the next, the same value of current flows in all 
parts of the circuit. 

The voltage across each resistor can be found using one of 
the forms of Ohm’s law, E = IR. 


The voltage across Rl: Ep; = 2mA x 1K = 2 volts. 
The voltage across R2: Ero = 2mA X 2K = 4 volts. 
The voltage across R38: Er; = 2 mA X 10K = 20 volts. 


The sum of these voltages equals the applied voltage. 


E, = Eri t+ Erno + Enz3 = 2+ 4+ 20 = 26 volts 


The voltage across each resistor, caused by the flow of cur- 
rent through it, is referred to as the JR drop. The expression, 
IR drop, is used because the resistor voltage (calculated bv 
IxR) reduces, or drops, the supply voltage available for the 
remainder of the resistors in the circuit. For example, the 
voltage across R2 and R3 can only be the applied voltage of 
26 volts minus the 2-volt drop in voltage across R1. The third 


Figure 8-1. A simple series circuit. 
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Figure 8-2. Series circuit with four 
equal resistors. 





rule of series circuits mentioned above is sometimes stated: 
the applied voltage is equal to the sum of the “IR drops” 
around the circuit. 

Let’s look at another series circuit and make some calcula- 
tions on it. The series circuit shown in Figure 8-2 contains 
four equal resistors in series, across a source of voltage. The 
total resistance is 4 x 5K = 20K ohms. The current flow is I = 
E/R=10/20K = 0.5 mA. The voltage drop or IR drop across 
each resistor is E=IR=0.5mA XxX 5K =2.5 volts. The sum 
of the IR drops across each resistor equals the applied voltage 
of 10 volts. 

Let’s verify the three basic relationships of the series cir- 
cuit by making some measurement on an actual circuit. Take 
three of your 1K resistors and carefully measure the exact 
value of each resistor with your ohmmeter. Record the values. 


R1 = ohms, R2 = ohms, R3 = 
ohms. Calculate the total of these three values. 
Ry = ohms. Connect the three resistors in se- 


ries using your test lead jumper cables as shown in Figure 8-3. 
Measure the total resistance with your ohmmeter. Ry = 

ohms. This measured value should agree very closely 
with the calculated value above. This verifies the first relation- 
ship that the total resistance in the circuit is equal to the sum 
of the individual resistances. Assume that 18 volts will be ap- 
plied across the series combination. Calculate the current flow. 
l= B/ka = mA. Switch your VOM to the 30 
mA range and connect the VOM and series resistor combina- 
tion across the output of the power supply as shown in Fig- 
ure 8-4. Gradually increase the power supply output to 18 volts. 
The value of current indicated on the VOM is mA. 
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Figure 8-3. Measure total resistance. 


This should agree very closely with the calculated value above. 
Turn off the power supply and insert the meter between R2 
and R8 in place of the jumper cable. Use the jumper cable to 
connect R1 to the power supply negative terminal as shown in 
Figure 8-5. Set the power supply voltage to 18 volts again and 
measure the current: mA. Repeat the above 





Figure 8-4. Connect VOM and series resistors across power supply. 
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procedure with the meter between R1 and R2: mA 
and between R1 and the power supply positive terminal: | 

mA. The four readings should be the same, assuming 
that you have set the power supply to exactly 18 volts for each 
reading. We have verified that the same value of current flows 
in all parts of the series circuit and is equal to the applied 
voltage divided by the total resistance. 





Figure 8-5. Connect VOM between two resistors. 


To verify the third relationship connect the series combina- 
tion across the power supply as shown in Figure 8-6. Switch 
the VOM to the 60-volt range and connect across R3 as shown. 
Er;3 = volts. Place the meter across each of the 
two remaining resistors and record the voltage. Epo = 

volts, Epi = volts. Add these three volt- 
ages to find the total, E, = volts. Place the VOM 
across the entire series combination and read the total voltage, 
Ey, = volts. The calculated and measured values 
should agree quite closely, taking into account the accuracy of 
the voltmeter readings. This verifies that the sum of the indi- 
vidual resistor voltages is equal to the applied voltage. 

Now hook up the series circuit as shown in Figure 8-7. Use 
your clip leads as before. Set the output of the power supply 
to 12 volts. Use the same procedure as in the previous mea- 


93 








Figure 8-6. Connect resistors only across power supply. 


surements (Figure 8-6) and measure and record the voltage 
across each resistor. Ep; = volts, Eps = 
volts, Ers = volts. 

Let’s make some observations about these voltage measure- 
ments. The higher the value of resistance, the higher the value 
of the voltage drop. The drop across the 680 ohm resistor 
(about 4 volts) is approximately twice the drop across the 
330 ohm resistor (about 2 volts). The drop across the 1K re- 
sistor (about 6 volts) is approximately three times the drop 
across the 330 ohm resistor. This can also be seen from the 
formula E = IR. Since the same value of current flows in all 
parts of the circuit, the amount of the voltage drop will be 
directly proportional to the resistance value of the resistor. 
If one resistance is three times the value of another, the volt- 
age drop across the larger resistance will be three times the 


RI 
330 Nn 


Figure 8-7. Series circuit of three 


1 R2 
lav oc = 680 N different resistors. 


R3 
IK 
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drop across the smaller. From these observations we can make 
the following statement. The voltage drop across a resistor in 
a series circuit is directly proportional to the resistance of 
the resistor. 


Figure 8-8. Potentiometer rule can be 
applied to this simple series circuit. 





This leads us to a very important relationship for series 
circuits known as the potentiometer rule. Use of the potenti- 
ometer rule allows us to calculate or estimate the amount of 
voltage across a resistor in a series circuit without the neces- 
sity of calculating or measuring the current. Consider the sim- 
ple series circuit shown in Figure 8-8. From our previous study 
we can express the following relationships. 


_— E, = Eri 
i= Ry and I = BL 
Since the current I is the same for both of these equations we 
can equate the two expressions and obtain the relationship 


Em _ Ea 
Rl Re 


This relationship is called the potentiometer rule. This is called 
the potentiometer rule because this is the principle of opera- 


Potentiometer 
Figure 8-9. Potentiometer is a varia- 


Eg = 
ble resistor. 


Eo 
: 


tion for an actual potentiometer. Recall that a potentiometer 
is one of the types of variable resistors (Figure 8-9). The volt- 
age at the arm of the potentiometer is proportional to the 
position of the arm on the resistive element. The closer the 
arm is to the top of the resistive element, the higher will be 
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the output voltage, E,. By rearranging the above relationship 
we obtain 


Rl 

Eri — E, Rr 
Expressed in words, we could say that the voltage across a 
resistor in a series circuit is equal to the applied voltage times 
the ratio of that resistance to the total resistance. Let’s go 
back to the circuit of Figure 8-7 to verify this. The total re- 


sistance, Ry = 330 + 680 + 1000 = 2010 ohms. The ratio Be 


’ Re aa 

=n = 4 The voltage across R1 should be about 1/6 E, = 1/6 
x . R3_1000_ 1 

x 12 = 2 volts. The ratio, BR, 2010 ~2° The voltage across 


R3 should be about 1/2 E, = 1/2 x 12 = 6 volts. These values 
agree with the values obtained from measurements on this 
circuit. 

One last idea before we leave series circuits. It may have 
occurred to you already that it is not always necessary to use 
a current meter to determine the value of current flowing in 
a series circuit. If you know the value of resistance and can 
measure the value of voltage across the resistor, you can cal- 
culate the current using Ohm’s law, I= E/R. This method is 
quite practical to use in cases where it is difficult to break into 
a circuit to insert a current meter. Such is the case when work- 
ing with printed-circuit boards. Let’s try an example. In the 
circuit of Figure 8-7 the voltage measured across the 330-ohm 
resistor is approximately 2 volts. The circuit current flow 
should be I = E/R = 2/330 = 6 mA. You can verify this by 
inserting a current meter in the actual circuit. The measured 
current should be approximately 6 mA. This method is gen- 
erally called the voltage-drop method of current measurement. 


SUMMARY 


There are three important relationships in the series 
circuit which will hold true regardless of the number of 
resistors in the circuit. 

1. The total resistance in the circuit is equal to the sum 
of the individual resistances. 


R, = R1 + R2+ R3S+... 
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2. The same value of current flows in all parts of the 
circuit and is equal to the applied voltage divided by 
the total resistance. 


= 


i ie 


x 


. 
3. The sum of the individual resistor voltages is equal to 
the applied voltage. 


E, = Epi + En, + Eps t+... 


The voltage across a resistor, caused by the flow of cur- 
rent through it is referred to as the JR drop. 

You have verified each of the three basic relationships 
by performing actual measurements. 

The voltage drop across a resistor in a series circuit is 
proportional to the resistance of the resistor. 

The potentiometer rule is useful in calculating or esti- 
mating the amount of voltage across a resistor in a series 
circuit without the necessity of calculating or measuring 
the current. 


Ex _ E, 
R, Rr 
The voltage across a resistor in a series circuit is equal 


to the applied voltage times the ratio of that resistance to 
the total resistance. 








The value of current flowing in a circuit can be found 
by the voltage drop method. I = E/R. 


QUESTIONS 


. What is the total resistance of a circuit with resistors of 10K, 33K, 
and 270K in series? 


. Draw the schematic diagram of this circuit when connected to a 100- 
volt DC source. 


. Calculate the value of current which will flow in this circuit. 
. What is the voltage drop across each of the three resistors in this 


circuit ? 
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5. Name a rule which can be used to solve for IR drops without the 
necessity of finding the circuit current. Give a formula associated with 
this rule. | 


6. A series circuit is shown below. 


ISK 2 30V 
8s0v — < ae 


a. What is the voltage drop, E,,,? 
b. What is the resistance of R2? 


7. If two series resistors have a resistance ratio of 5 (R1/R2=5), what 
will be the ratio of voltage across these two resistors? Will this voltage 
ratio be the same for any value of applied voltage? 
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CHAPTER 9 


PARALLEL CIRCUITS 


In the previous chapter you learned some basic characteris- 
tics of series circuits. In this chapter we are going to study an- 
other common circuit configuration, the parallel circuit. Before 
you start through this chapter, be sure you have the necessary 
additional items listed below. The Radio Shack catalog numbers 
of these items are given in the material list. 


1. Experimenter’s P-box. 
2. Solderless spring terminals. 


The schematic diagram of a simple parallel circuit is shown 
in Figure 9-1. 

In this type of circuit the current flows out of the battery 
negative terminal to the junction of the two resistors. The cur- 
rent then divides between the two resistances in accordance 
with relationships which we will explain later. At the top junc- 
tion the currents recombine and return to the battery positive 
terminal. Figure 9-2 shows another way of drawing the sche- 
matic diagram of the same circuit. You will see both methods 
used for indicating the connections in a parallel circuit. We 
will use the method of Figure 9-2 in our study. 

Each of the paths for current flow is called a branch. The cir- 
cuits of Figures 9-1 and 9-2 each have two branches. The cur- 
rent in each branch is called the branch current. 
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Figure 9-1. Schematic diagram of a 
‘simple parallel circuit. 





The term shunt is also used to describe a parallel connection, 
but we will use the more popular term, parallel. 

There are three important relationships in the parallel cir- 
cuit which will hold true regardless of the number of resistors 
in the circuit. We will state these relationships first and then 
consider each in more detail. 


1. The same value of voltage is applied to each of the 
branches in the circuit. 

2. The total current flow is equal to the sum of the individual 
branch currents. The total current is equal to the applied 
voltage divided by the equivalent resistance. 

3. The equivalent resistance is equal to the reciprocal of the 
sum of the reciprocals. 


R2 Figure 9-2. Alternate way of drawing 
circuit of Figure 9-1. 





By observing the schematic of Figure 9-3 we can see that 
there is no voltage drop between the battery terminals and the 
resistors. Therefore, we can say \that the same value of applied 
voltage appears across each resistor—10 volts in the example 
of Figure 9-3. 

Also, from observation of Fig ures 9-1, 9-2, and 9-3, we can 
see that the current from the battery divides into two branch 


Figure 9-3. No voltage drop between 
battery and the resistors. 
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currents and then recombines at the top junction. Since there is 
no other path for the current we may conclude that the total 
current must be equal to the sum of the individual branch cur- 
rents. The amount of current flowing in each branch can be de- 
termined from Ohm’s law. For the circuit of Figure 9-3, 


l= 8i — dex ~ 1 mA 
_h, wv. 
I, = po = BK 2mA 


The total current is the sum of these two branch currents. 
lhr=I,+1h=1+2=3mA 


Ohm’s law can also be used to express the relationship be- 
tween the applied voltage, total current, and the effective total 
resistance of the circuit. 

_*, wv _ 
Rr =- i = S mA = 3.33K ohms 

The total resistance in a parallel circuit can also be calculated 
using “the reciprocal of the sum of the reciprocals” as you 
learned in Chapter 5. 


1 
1 1 1 
Rl + R2 + R3 + e161 s 
Recall that when there are only two resistances in parallel this 
relationship simplifies to the product over the sum. 





— Rl x R2 
* R1 + R2 
For the circuit of Figure 9-3 
105 _ 50 _ 
Ry = i045 is 3.33K ohms 


It is not necessary to know how the above formulas are ob- 
tained, but for those who are interested we have included a de- 
rivation in the Appendix. 

Let’s look at another parallel circuit and make some calcula- 
tions. A three-branch parallel circuit is shown in Figure 9-4. 
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The same value of applied voltage, 12 volts, appears across each 
branch. The branch currents can be calculated as follows. 


eae ee ae 

2 ae 
_E,_12V_ 

bho ser Se 
_ #12 | 

1 =" ak P= 


Figure 9-4. A three-branch parallel 
circuit. 





The total current is 


lrp=1+1.4+1,;=38+4+2=9mA 
The total resistance is 
Hh, 12V 
Tn O9mA 


Let’s verify the three basic relationships of the parallel cir- 
cuit by making some measurements on an actual circuit. Use 
your ohmmeter and carefully measure the resistance of one of 


Rr = 1.338K ohms 


your 10K and 22K resistors. Rl (10K) = ohms, 
R2 (22K) = ohms. Calculate the total resist- 
ance of these two resistors in parallel. 
a R1 x R2 | 
* R1+ R27 


Use your Experimenters P-Box and solderless spring termi- 
nals and set up the circuit as shown in Figure 9-5. The termi- 
nals are located in holes Al, G1, M1, A6, G6, and M6. You may 
use your test lead jumper cables or short pieces of hookup wire 
for the connections between terminals. If you use hookup wire, 
carefully remove 4 inch of insulation from each end of the wire 
before inserting it in the terminals. 

Set the power supply output for 18 volts output as indicated 
on your VOM. Verify that the 18 volts also appears across each 
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Figure 9-5. Hookup of parallel circuit and power supply. 


resistor. Ep; = volts, Ero = volts. 
This verifies the first rule of the parallel circuit that the same 
value of voltage is applied to each of the branches in the circuit. 

Calculate the branch currents and total current for the 
circuit. 


= 
Mee = mA 
a a 
I, = 55 — mA 
I=],+L= mA 


Use your VOM as a milliammeter and measure the current 
through the 10K resistor. This can be done by removing the 
lead between terminals Gl and M1 and connecting the VOM 
leads in its place. I, = mA. Put the lead back in 
place and connect the VOM in place of the lead between termi- 
nals G6 and M6 to measure the current through the 22K resis- 
tor. I.= mA. Put the lead back in place and con- 
nect the VOM in place of the lead between terminal M1 and the 
power supply to measure the total current. I; = 
mA. The total current should be equal to the sum of the two 
branch currents taking into account the meter accuracy. We 
have just verified the second law of the parallel circuit that the 
total current flow is equal to the sum of the individual branch 
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currents. Turn off the power supply and remove the leads con- 
nected to the power supply. Calculate the total resistance of the 
circuit by dividing the applied voltage by the total current 
measured above. 


Ry === mA 


Use your ohmmeter and measure the total resistance of the 
network. This measurement can be made by placing one lead on 
either of the two top terminals and the other lead on any of the 
four bottom terminals. Ry = K ohms. This mea- 
sured value should agree closely with the calculated values. 
This verifies the third rule of the parallel circuit that the to- 
tal resistance is equal to the reciprocal of the sum of the 
reciprocals. 





Figure 9-6. Adding another resistor in parallel. 


Add three more terminals and connect a 4.7K resistor in 
parallel with the other two resistors as shown in Figure 9-6. 
The terminals are located in holes All, G11, and M11. Set the 
power supply to 18 volts and measure the current through the 
4.7K branch by connecting the VOM in place of the lead be- 


tween terminals G1l and M11. 1; (4.7K) = mA. 
From the previous test I, (10K) = mA, I, (22K) 
= mA. 


104 . 





Let’s make some observations about these current readings. 
The current through the 4.7K branch is the largest of the three. 
The current through the 22K branch is the smallest of the 
three. Thus we can conclude that the higher the resistance in a 
parallel branch, the lower will be the current. The current 
through the 4.7K branch is approximately twice the current 
through the 10K branch. Notice that 4.7K is approximately 
14 the resistance of 10K. The current through the 4.7K branch 
is approximately 5 times the current through the 22K branch. 
4.7K is approximately 14 the resistance of 22K. Thus we can 
conclude that the currents in the branches of a parallel circuit 
are inversely proportional to the resistances of the branches. 

In a two-branch parallel circuit the ratio of branch currents 
is inversely proportional to the ratio of branch resistances. 
This can be expressed mathematically as 


I, _ R2 
I, Rl 


This relationship is more convenient than Ohm’s law for cal- 
culating the value of an unknown quantity when the other three 
circuit values are known. For example, consider the circuit of 
Figure 9-7. If Rl = 10K, R2 = 20K, and I, = 5 mA, then 


therefore 


<1 — 
| a | 


Figure 9-7. Current through resistor 
R1 is unknown. 


Since I, = 5 mA, 1, =10 mA 

In a two-branch circuit if the resistance of each branch and 
the total current are known, the current through a branch can 
be calculated using the relationship 


R2 


L=IpRig Re 
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In the circuit of Figure 9-8 if Rl = 2K, R2 = 8K, and I; = 20 
mA, then 


8K 
2K + 8K 


The current through the other branch is 
I=I,-—1,=20-—16=4mA 


This relationship is called the “parallel-resistor current 
rule.”’ Both this rule and the relationship of the ratio of branch 


I,=20mA =16mA 


Figure 9-8. Calculate current through 
each branch. 





currents in a two-branch parallel circuit are useful in estimat- 
ing currents in parallel circuits. 


SUMMARY 


There are three important relationships in the parallel 
circuit which hold true regardless of the number of re- 
sistors in the circuit. 


1. The same value of voltage is applied to each of the 
branches in the circuit. 

2. The total current flow is equal to the sum of the indi- 
vidual branch currents. The current is equal to the ap- 
plied voltage divided by the total resistance. 

3. The total resistance is equal to the reciprocal of the 
sum of the reciprocals. 


Each of the paths for current flow is called a_ branch. 
The current through each path is called the branch cur- 
rent. 

You have verified each of the three basic relationships 
by performing actual measurements. 
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The higher the resistance in a parallel branch, the 
lower will be the current. The currents in the branches of 
a parallel circuit are inversely proportional to the re- 
sistances of the branches. 


L _ R 
I, R, 


The parallel-resistor current rule can be used to calcu- 
late or estimate the branch currents in a parallel circuit. 


% R2 
h=t; R1 + R2 
QUESTIONS 


. What is the total resistance of a circuit with resistors of 20K, 20K, and 


10K in parallel? 


. Draw the schematic diagram of the above circuit with a 40-volt DC 


source. 


. Calculate the values of the branch currents and total current in the 


above circuit. 


. In the circuit shown below calculate the current through branch 2. 


What is the total current flow? 


5. In the circuit shown below calculate the current through branch 2 


using the parallel-resistor current rule. What is the current in branch 
1? 
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CHAPTER 10 


SERIES-PARALLEL CIRCUITS 


In the previous two chapters you learned about simple series 
and parallel circuits. Many of the circuits used in electronics 
are made up of combinations of series and parallel circuits. 
These combinations are referred to as series-parallel circuits. 

An example of a series-parallel circuit is shown in Figure 
10-1. In this circuit there are two resistors in series between 
points A and B and two resistors in parallel between points B 
and C. In analyzing circuits of this type we are usually con- 
cerned with the total current drawn from the supply and the 
amount of voltage across various parts of the circuit. The anal- 
ysis of this type of circuit consists of proceeding in an orderly 
manner to reduce each section of the circuit to a single equiva- 
lent resistance, and then combining these into one equivalent 
resistance for the entire circuit. 

Recall that resistors in series can be represented by a single 
equivalent resistance equal to the sum of the resistances. This 
is illustrated in Figure 10-2. This sum for the two series re- 
sistances in our example is Ran = R1 + R2 = 8K + 6K = 14K 
ohms. 

Resistors in parallel can also be represented by a single 
equivalent resistance equal to the reciprocal of the sum of the 
reciprocals or the product over the sum. This is illustrated in 
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Figure 10-8. This equivalent resistance for the two parallel 
resistances in our example is 


_R8xR4_ 9K x 18K 
~ R8+R4° 9K 4+ 18K 


These equivalent resistances are then effectively connected 
as shown in Figure 10-4. Notice that we have reduced the 


Rec = 6K ohms. 


Figure 10-1. An example of a series- 
parallel circuit. 





circuit to two resistances in series. We can combine these two 
into a single equivalent resistance, Rac = Rap + Rpc = 14K + 
6K = 20K ohms (Figure 10-5). 


Equivalent 
A Circuit 
RI A Figure 10-2. Resistances in series can 
= Nis be represented by an equivalent re- 
R2 sik sistance. 
6K 


We can now analyze the current and voltage distribution in 
our circuit by going back step by step through our equivalent 
circuits. From Figure 10-5 we can see that the total current 


flow is Iy = a = 60 V/20K = 3 mA. From Figure 10-4 we 
AC 


can see that the voltage drop between points A and B is Ea, = 
I7pRag = 3mA X 14K = 42 V. The voltage drop between points 


Equivalent 
~ Circuit 
B Figure 10-3. Resistors in parallel can 
R3 R4 Rec also be represented by an equivalent 
9K 18K 6K 


resistance. 
Cc 
c 
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B and C is Epc = E, — Ean = 60 — 42 = 18 V. These voltage 
drops are indicated in Figure 10-6. 
The total current of 3 mA divides between R3 and R4. 


I, = =8e = 19 VK =2 mA. 


I=IL-Il,=3mA-—-2mA=1mA 


The voltage drop across R2 is Eps = IyR2 = 38 mA X 6K = 
18 V. The drop across R1 is Ex; = IrR1 = 3 mA X 8K = 24 V. 


Ras 
14K 
Rac 
20K 
Rec 
6K 





Figure 10-4. Equivalent circuit of Figure 10-5. Equivalent circuit of 
Figure 10-1. Figure 10-4. 


By following an orderly step-by-step procedure we have been 
able to determine the current and voltage for each resistor in 
the circuit. 

Let’s try another possible series-parallel combination. Fig- 
ure 10-7 shows a circuit with two parallel branches, each con- 


Figure 10-6. Various voltage drops in 
the circuit. 








sisting of several series resistors. Each branch can be reduced 
to a single equivalent resistance. For branch 1, Rg; = R1 + R2 
+ R3 = 22K + 10K + 15K = 47K ohms. For branch 2, Rg. = 
R4 + R5 = 47K + 47K = 94K ohms. This reduces our original 
circuit to that shown in Figure 10-8. The two equivalent resist- 
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Branch | Branch 2 


R4 
47K Figure 10-7. Circuit with two parallel 


branches. 


R5 
47K 





ances can be combined into one. R,., =ph te = aes = a 
Bl B2 


= 81.3K ohms. This is shown in Figure 10-9. 
Now let’s figure out the currents and voltages in each part 
of the circuit. The total current is 


In =p 
eq 


From the circuit of Figure 10-8 we can see that the current 
in branch 1 is, 


= 88 V/31.3K =6 mA. 





1, = = 188 V/47K =4mA. 
Rp: 


The current in branch 2 is, I, = Ir — 1, = 6 — 4 = 2 mA. The 


voltage across each resistor in the original circuit can be cal- 
culated as follows (Figure 10-10). 


Er: = 1,R1 = 4mA xX 22K = 88 V 
Ero = 1,R2=4mA x 10K = 40 V 
Er: = 1L.R4=2mA X 47K = 94 V 
Ey; = 1.R5=2mA xX 47K =94V 





Ei Re: ie Figure 10-8. Equivalent circuit of 
> 1esv 47K 94K Figure 10-7. 


Figure 10-9. Equivalent resistance of 
two resistances in Figure 10-8. 
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We are going to look at one more example of a series-parallel 
circuit and analyze it entirely by means of measurements. The 
circuit of Figure 10-11 consists of two groups of parallel re- 
sistors connected in series. Use your Experimenters P-box and 
connect the circuit together as shown in Figure 10-12. You can 
use the same terminal locations as in the last chapter. Use your 
ohmmeter and measure the resistance between points A and B 


Branch | Branch 2 






Figure 10-10. Calculating voltage _-, | 
drop across each resistor. i88V > 


(Figure 10-11), Rap = ohms. This is the equiv- 
alent resistance of Rl and R2 in parallel. Measure the resist- 
ance between points B and C, Rzgc = ohms. This 


is the equivalent resistance of R3, R4, and R5 in parallel. Now 
measure the resistance between points A and C, Rac = 

ohms. This is the equivalent resistance of the entire 
circuit. 


Figure 10-11. Two groups of parallel 
resistors connected in series. 





Connect the circuit to the power supply with the VOM in- 
cluded to measure the total current. Adjust the power supply 
for 18 V output and measure the current flow, I, = 
_____ mA. Replace the VOM connection to the power supply 
with a test lead jumper cable or a piece of hookup wire. Use 
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Figure 10-12. Hookup of circuit shown in Figure 10-11. 


the VOM and measure the voltage between points A and B, 
Eas = volts, and between points B and C, Epe = 
volts. 
Measure the current through each resistor by lifting one end 
of each resistor (only one at a time, of course) and connect the 
VOM as shown in Figure 10-13. Record the values below. 






Rin Be. SATA KS y gs 


Figure 10-13. Measuring current through individual resistors. 
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In= i mA 


Ino = mA 
Irs = mA 
Ips = mA 
Le — es 8 


A repairman or technician will probably use the measure- 
ment method more than the calculation method to find values 
of resistance, voltage and current. After all, if it can be easily 
measured, why bother calculating it? For example, one ohm- 
meter measurement of a dozen parallel resistors takes a lot 
less time than calculating the reciprocal of the sum of the 
reciprocals. 


SUMMARY 


Series-parallel circuits are made up of various combi- 
nations of series and parallel resistors. These circuits are 
analyzed by proceeding in an orderly manner to reduce 
each section of the circuit to a single equivalent resistance 
and then combine these into one equivalent resistance for 
the entire circuit. 

Series-parallel circuits can consist of parallel branches 
containing resistors in series or series-connected groups 
of parallel resistors or any combination of the two. 

It is possible to analyze this kind of circuit by making 
calculations on the equivalent circuits or by makng mea- 
surements on an actual circuit. 


QUESTIONS 


1. For the circuit shown below, find the current through each resistor and 
the voltage across each resistor. What is the total current flow? 


60K 


84VvV — 


12K 
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2. For the circuit below, calculate the current through each resistor and 
the voltage across each resistor. What is the total current flow? 


lov = 


10K 
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CHAPTER 11 


PRACTICAL APPLICATIONS OF 
SERIES-PARALLEL Cl Ul 


There are some very practical applications of series-parallel 
circuits which will help you to understand certain circuit pecu- 
liarities. You may make a measurement of some circuit voltage 
or current which seems to be different than what you have cal- 
culated or estimated. Assuming that you haven’t made a mis- 
take in your calculations, there may be a perfectly logical ex- 
planation for the difference. Let’s look at some of these possible 
causes. 

So far in our discussions we have considered that all of our 
voltage sources are constant-voltage devices. That is, we have 
assumed that regardless of how much current we draw from 
the source the output voltage will remain the same. In actual 
practice this is generally not the case. Most DC voltage sources 
have an internal resistance which causes the actual output volt- 
age of the source to become lower as more current is drawn 
from the source. The diagram of Figure 11-1A shows the sche- 
matic symbol for a DC source in series with its internal resist- 
ance, R;. With no load applied to the source, the output voltage 
(at the source terminals) is the source voltage, Es. Since there 
is no current flow through R,, there will be no voltage drop 
across R, and the terminal voltage will equal the source voltage. 
However, when we place a load on the source as shown in Fig- 
ure 11-1B the terminal voltage will be less than the source volt- 
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age. The current flowing through R, produces a voltage drop, 
EK, = 1,R;. This voltage drop subtracts from Eg so that the load 
voltage, Ex, will be less than Es. Ex = Es = Er, = Es — IRi. 
From this relationship we can see that as we draw more cur- 
rent from the source the output voltage will decrease. Let’s try 
an experiment to demonstrate this characteristic. Use the bat- 
tery holder and two 114-volt D cells and connect the batteries in 
series-aiding to provide an output voltage of 3 volts. Refer to 
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eee a Ss 
(A) No load applied, no volt- (B) With load applied, terminal 
age drop. voltage is less than source. 


Figure 11-1. Internal voltage drop of power supply. 


Figure 3-5 if you want to refresh your memory on connecting 
the batteries together. Measure the no-load output voltage of 
the series battery combination, Es = volts. Use 
your Experimenters P-box and connect three 15 ohm resistors 
in parallel and then connect the 3-volt battery source to the re- 
sistors as shown in Figure 11-2. Measure the loaded output 
voltage of the batteries, E;, = volts. Disconnect 
the load as soon as the measurement is made as this is a heavy 
load on the batteries. Three 15 ohm resistors in parallel have an 
equivalent resistance of 5 ohms. Calculate the current flow, 
er 
LL = 5" A 

The voltage drop across the internal resistance of the batteries 
is equal to the difference between the no-load and loaded output 


Figure 11-2. Three equal parallel 
5m resistors hooked across 
power supply. 
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batteries, Rr, = Es ea: Ex, = — = 
volts. The internal resistance is, 
a 


I, 
Depending on the condition of the batteries, this value of re- 
sistance may range from almost zero up to several ohms. As 
batteries become older the internal resistance keeps increasing 
until the loaded output voltage is no longer sufficient for proper 
operation. This is why a battery must be checked under loaded 
conditions to determine how good it is. Even a very poor flash- 
light cell will have close to 11% volts output with no load. 

The selenium solar cell which you used in Chapter 3 also has 


R, = ohms. 


a significant value of internal resistance. Let’s see how much. 


Connect the meter leads to the solar cell leads, red to red and 
black to black. Hold the solar cell about 6 to 8 inches from a 
100-watt light bulb and measure the no-load source voltage. 
i, = volt. Use two of your jumper leads and 
connect a 100 ohm resistor across the solar cell. Hold the cell 
about 6 to 8 inches from the 100 watt light bulb and measure 
the loaded voltage across the resistor. E;, = volt. 
This will usually be around 0.1 to 0.2 volt. Calculate the current 
flow. 


Calculate the voltage across the internal resistance of the cell. 
Er, = E. ~ Ex, = om — volt 


The internal resistance is 


io == ohms 
L 


This value will usually be around 100 to 200 ohms. 

Some power supplies also have a significant value of internal 
resistance which causes the same effect on load voltage. There 
is a type of power supply, called a voltage regulated power sup- 
ply, which has a negligible amount of internal resistance. With 
this type of supply the output voltage remains constant regard- 
less of the amount of current drawn from the supply, as long as 
the value of current does not exceed the ratings of the supply. 
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There is another component in the circuit which can cause 
the circuit conditions to differ from our calculated values. That 
component is the ammeter or milliammeter which we place in 
series with the circuit to measure the current. In all our previ- 
ous diagrams involving an ammeter, we have shown the meter 
in series with the load and have neglected any affect of this 
series component on circuit operation (Figure 11-3). In the ex- 
periments you have done so far we have selected component 


3x i5Nn 


3x15 


| | | 
} 

| | I 
| | | 
| | I 
| | | 
| | ! 
| ! | 
| | | 
| 

| | | 





| 
(A) Disregarding meter resistance. (B) Including meter resistance. 


Figure 11-3. Circuit with current meter inserted. 


values and voltage values which have minimized the effect of 
the meter. However, in actual practice this will not always be 
the case. The meter has a definite value of resistance usually 
designated R,, and produces a voltage drop whenever current 


flows through it. This is illustrated in Figure 11-3B. The drop 
in the meter resistance, Er, also subtracts from the supply 


voltage leaving less voltage across the load than we thought we 
had. If we assume that R; and R,, are each 1/2 ohm, the circuit 
of Figure 11-3B has an equivalent circuit shown in Figure 11-4. 
The equivalent load resistance is 5 ohms. The total resistance in 
the circuit is Rr = Ri + Ry + Ryn = 1/2 + 5 + 1/2 = 6 ohms. The 
total current flow is 


L,= = = 3 V/6 = 0.5 ampere. 
A 
The actual load voltage, E, = 1,R, = 0.5 x 5 = 2.5 volts. If we 


Figure 11-4. Equivalent circuit of 
Figure 11-3B. 





had not taken R, and R,, into account we would expect the full 
3 volts to appear across the load and the current to be 3 V/5 = 
0.6 ampere. There is almost a 20% difference between the cal- 
culated and the actual values. 

Use the 3-volt source and parallel resistor combination from 
the previous test and insert the VOM in series to read the cur- 
rent. The measured current flow is A. Notice that 
this value is less than that calculated previously. The difference 
is due to the presence of the meter resistance in the circuit. 


Figure 11-5. Illustrating resistance of +. Riine ‘ 
wire in a circuit. 


Riine 


Another cause for reduced voltage across the load is the re- 
sistance of the wire connecting the source to the load. This is 
illustrated in Figure 11-5. If there is a significant amount of 
line resistance, Rj;,., then a voltage drop will result when cur- 
rent flows. Fortunately in most circuits you will work on, this 
problem can be neglected. If, however, a long line is necessary, 
then the resistance of the line must be kept quite low. This is 
done by using a sufficiently large wire size to conduct the cur- 
rent with a negligible voltage drop. 





Figure 11-6. Illustrating effect of voltmeter on a circuit. 


We have seen how certain series resistances can cause a 
change in circuit conditions. It is also possible for a parallel 
resistance to alter the expected conditions in a circuit. One 
parallel component, whose effect has been neglected so far, is 
the voltmeter. In all the circuits involving a voltmeter we have 
simply shown the voltmeter in parallel with a resistance and 
have not considered any effect which the voltmeter may have 
on the circuit. This is illustrated in Figure 11-6. For each cir- 
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cuit we could calculate the expected voltage reading using the 
potentiometer rule. 


Circuit a 
. R2 _.100_ 
Ens = Ex Ra — ?ao0 — 1” Y 
Circuit b 
‘ R4  _ 100K _ 
Ers = E. pa pg = BagoK = 1° V 
Circuit c 
_, R6 _, 100K _ 
Ero = Ea Re Re took ~°Y 
Circuit d 
a= Be Bw O27 ¥ 


“R7+R8 = ~ 1100 


Let’s see if these values can be verified with the voltmeter. 
Use your Experimenter’s P-box again to set up the four series- 





Figure 11-7. Four series-resistor combinations. 


resistor combinations as shown in Figure 11-7. You may locate 
the terminals in Al, 6, 11, 16; G1, 6, 11, 16; M 1, 6, 11, 16. Use 
two 114-volt D cells in the battery holder to provide a 3-volt 
source. Connect the 3-volt source to each pair of resistors in 
turn and measure the voltage across the bottom resistor of each 
pair with the 3-volt range of your VOM 
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Measured Value Calculated Value 


Ep = V js a 
Eri = V 15 V 
Eres = V 3.0 V 
Ers = V 0.27 'V' 


By comparing the measured and calculated values we can see 
that it is possible for the voltmeter to have an effect on the 
reading. This effect is commonly called voltmeter loading or 
just simply loading. This loading effect can be explained quite 
logically. 

In order for the voltmeter needle to move up-scale a small 
amount of current must be drawn from the circuit. Since cur- 
rent is drawn from the circuit, the voltmeter can be represented 
as a resistance. The amount of current taken by the voltmeter 
and its effective resistance are dependent upon the construction 
of the meter. The amount of resistance in the voltmeter is gen- 
erally expressed in terms of its ohms-per-volt sensitivity. This 
simply means that for each volt of full-scale calibration, the 
meter will have a certain amount of resistance. Note: This 
meter resistance is not dependent on the meter reading but the 
full-scale calibration only. Therefore, to find the resistance of 
any voltmeter range simply multiply the full-scale calibration 
times the ohms-per-volt sensitivity rating of the meter. The 
Radio Shack meter which we have been describing has an 
ohms-per-volt sensitivity rating of 20,000 ohms-per-volt. On 
the 3-volt range of this meter the meter resistance of the volt- 
meter is 3 x 20,000 = 60,000 ohms. On the 100-volt range the 
resistance is 100 x 20,000 = 2 megohms. 

Recall that when two resistances are connected in parallel, 
the total resistance is less than either of the two resistances. 
Anytime we connect the voltmeter across a resistance the ef- 
fective resistance of the combination is lowered. The effect 
which this will have on the voltage distribution in a circuit de- 
pends on the value of the resistance across which the meter is 
connected and the value of any other series resistance in the 
same circuit. Refer to the comparison of measured and cal- 
culated values that you recorded earlier. Notice that the mea- 
sured voltage across R4 is considerably less than the calculated 
value. The values of measured voltage on the other three resis- 
tors agree closely with the calculated values. Let’s see why the 
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Figure 11-8. Circuit of Figure 11-6 redrawn. 


readings are accurate in some cases and not in others. We can 
redraw the circuits of Figure 11-6 showing the 60,000-ohm volt- 
meter resistance across each circuit (Figure 11-8). If we cal- 
culate the equivalent resistance of each parallel combination 
the circuits can be reduced to those shown in Figure 11-9. 





Figure 11-9. Circuit of Figure 11-8 redrawn. 


If we apply the potentiometer rule to the circuits of Figure 
11-9 we can calculate the expected voltage across the resistors. 


Circuit a 
oo ak. soe 
Ero = E.R + Rl _ 3500 = 1.5V 
Circuit b 
a | ee eae 
Eri = Ey R.a+R3 =3 1375K ~ 0.82 V 
Circuit ¢ 
a = Rae: 31 Sk S 
im". + RS STAR 
Circuit d 
= E, = 8 087 V 


“Regs +t R7 ~~ 1100 


These values should agree closely with the measured values re- 
corded earlier. 
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The question may have come to your mind, ‘‘How can I tell 
when the meter loading effect is negligible, and when it is sig- 
nificant ?” There is a simple way to tell. Find the parallel equiv- 
alent resistance of the two original resistors and compare this 
value to the meter resistance. If the meter resistance is at least 
100 times greater than the equivalent parallel resistance the 
loading effect can be neglected. The lower the ratio of meter 
resistance to equivalent parallel resistance, the more pro- 
nounced will be the loading effect and the greater will be the 
error in the meter reading. Let’s apply this test to our circuits. 
In circuit a, the parallel equivalent of Rl and R2 is 


_R1 x R2_ 100 x 100 


Req ~ R1+R2 100+ 100 


= 50 ohms. 
60000 


50 
= 1200. In this circuit the loading is negligible. In circuit b the 


parallel equivalent of R3 and R4 is 50K ohms. The ratio is 
60000 


50000 
as you have already discovered. In circuit c the parallel equiva- 


lent resistance is 100 ohms and the ratio is 6000. Again the 
loading effect is negligible. In circuit d the parallel equivalent 
resistance is 91 ohms and the ratio is approximately 660. The 
loading effect is negligible. The explanation of this relationship 
involves some concepts that are a bit more complicated than 
you have studied so far. For now it is sufficient that you know 
how to tell if the loading effect can be neglected. 





The ratio of meter resistance to equivalent resistance is 


= 1.2. In this circuit the loading effect is quite noticeable 


SUMMARY 


Series-parallel circuits are made up of various combi- 
nations of series and parallel resistors. These circuits are 
analyzed by proceeding in an orderly manner to reduce 
each section of the circuit to a single equivalent resist- 
ance and then combine these into one equivalent resist- 
ance for the entire circuit. Series-parallel circuits can 
consist of parallel branches containing resistors in series 
or series-connected groups of parallel resistors or any 
combination of the two. It is possible to analyze this kind 
of circuit by making calculations on the equvalent cir- 
cuits or by making measurements on an actual circuit. 
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There are several circuit conditions which can make the 
operation of an actual circuit differ from what we expect. 
One of these is the internal resistance of the source. This 
resistance causes the output voltage of the source to be- 
come lower as more current is drawn from the source. A 
regulated power supply has a negligible amount of in- 
ternal resistance and the output voltage remains constant 
as varying amounts of current are drawn from the supply. 

Another reason for unexpected circuit operation is the 
resistance of the current meter. This resistance increases 
the total circuit resistance and causes the current to be 
less than in the unmetered circuit. 

Any resistance in the wire connecting the source to the 
circuit causes the same effect on circuit operation as the 
source internal resistance or ammeter resistance. 

The voltmeter can also cause a meter loading effect 
which causes the voltage read on the meter to be less 
than the unmetered voltage value. If the ratio of meter 
resistance to the equivalent parallel resistance of the cir- 
cuit is at least 100 the meter loading is negligible. 

The resistance of a voltmeter is found by multiplying 
its ohms-per-volt sensitivity rating times the full-scale 
voltage calibration. 


QUESTIONS 


. The no-load voltage of a voltage source is 12 volts. When a 100-ohm 
load is placed across this source the load voltage is 10 volts. What is 


the internal resistance of the source? 


. A milliammeter is placed in series with a 450-ohm load across a 6-volt 
battery with negligible internal resistance. The meter indicates a cur- 
rent of 10 mA. What is the internal resistance of the meter? What 


value of current would flow if the meter were not in the circuit? 


. A 10,000-ohms-per-volt meter with a full-scale calibration of 10 volts 
is placed across a circuit as shown below. What voltage will be indi- 
cated on the meter? What is the unmetered voltage across the 100K 


resistor ? 


200K 
— 300 V 


100K 
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CHAPTER 12 


POWER AND ENERGY 


In our previous considerations of DC circuits we have been 
dealing with the relationships between voltage, current, and 
resistance. There are two more circuit parameters which are 
also important to your understanding of circuits. These are 
energy and power. Energy is defined as the ability to do work. 
Work is defined as the useful transformation of energy from 
one form to another. One of the fundamental laws of physics 
is the law of conservation of energy which states that energy 
can neither be created nor destroyed. It can only be changed 
from one form to another. You are probably familiar with the 
more common forms of energy. These are electrical, mechani- 
cal, light, heat, chemical, and atomic. Work is done when elec- 
trical energy is transformed into mechanical energy in an 
electric motor. Work is done when electrical energy is con- 
verted into light energy in a light bulb. Work is done when 
the chemical energy stored in your body is converted to me- 
chanical energy when you pick up a box and move it from one 
place to another. 

Energy and work are usually designated by the same unit 
of measure. In a mechanical system the energy required to 
move an object is the product of the weight of the object times 
the distance it is moved. If a 10-pound box is moved a distance 
of 4 feet the work done and the energy required to perform 
this work is equal to 10 x 4 = 40 foot pounds. 
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Power may be defined as either the rate at which work is 
done or the rate at which energy is converted from one form 
to another. In considering mechanical energy and power, the 
most familiar unit of power is the horsepower. Many years 
ago it was determined that the average work horse was cap- 
able of doing work at the rate of about 550 foot-pounds per 
second. This power, or rate of work, was designated as one 
horsepower, 1 HP. Many mechanical devices are rated in terms 
of horsepower. Gasoline engines are rated as having a certain 
horsepower. A lawn mower engine, for example, is rated 
around 2 to 3 horsepower. 

In an electrical circuit, work is done whenever electrons 
are forced to flow through a resistance. The work performed 
is the conversion of electrical energy into heat. The amount 
of work done, and thus the energy required, is dependent upon 
the amount or quantity of electrons moved and the potential 
required to move them through the resistance. In Chapter 4 
you learned about the relationship between current and quan- 
tity of electrons. The quantity or charge of electrons is the 
amount of electrons passing a point in a certain time and is 
given by the relationship 


Q = It. 


The energy or work in an electrical circuit is equal to the prod- 
uct of the voltage and the quantity of electrons moved. The 
letter W is used to stand for both work and energy. 


W = EQ= Elt 


Work is equal to the product of voltage in volts, current in 
amperes, and time in seconds. The unit for both work and 
energy is called a jowle. One joule of energy is required for a 
voltage of 1 volt to cause 1 ampere of current to flow for 1 
second. We said that power is the rate at which work is per- 
formed or the rate of energy conversion. If we divide the 
amount of energy used by the length of time involved we can 
determine the power. The letter P is used to designate power. 
Ws EIt 
The unit of power in electrical circuits is called a watt. A 
power of 1 watt is indicated when 1 volt causes 1 ampere to 
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flow through a circuit. In the circuit of Figure 12-1 a voltage 
of 20 volts causes a current of 2 amperes to flow through the 
10 ohm resistor. The circuit power is 


P = EI = 20 x 2 = 40 watts. 


We can say that energy is being converted from electrical to 
heat energy at a rate of 40 watts per second. The term dissi- 
pation is generally used to describe the conversion of electri- 
cal energy to heat. In this example the resistor is dissipating 
40 watts of power. 


Figure 12-1. The power expended in 200v = ion & P= 40 Watts 


this circuit is 40 watts. a, 
2A 


The basic unit of power is the watt. As with other units 
there are times when the basic unit is not convenient and 
smaller or larger units can be used. For small amounts of 
power it is sometimes easier to use the milliwatt (mW) or 
the microwatt (uW). A milliwatt is equal to Yooo of a watt. 
A microwatt is equal to 4 ooo.oo9 Of a watt. For large amounts 
of power the kilowatt (kW) is used. A kilowatt is equal to 
1000 watts. The chart of Figure 12-2 shows the relationships 
for converting from one unit to another. For example, a power 


Multiply Move Decimal Point 











aw v9mW 


Figure 12-2. Relationship between units of power. 


W x 103 3 places to right 
W X 


129 





of 0.023 watt is equal to 23 mW. A power of 3500 watts is equal 
to 3.5 kW. 

There are two other ways of calculating the power dissi- 
pated in a resistance. Since E = IR we can substitute the ex- 
pression IR for E in the power formula and obtain 


P= Bi=Thi= FR 
In the circuit of Figure 12-1, 
P=PFPR=?2 X 10 = 40 watts. 


Since I = E/R we can substitute the expression E./R for I 
in the power formula and obtain 


a _ oe ee 
Pe Ei=E cok 
In the circuit of Figure 12-1, 
Ss ee 
r= 35 = 40 watts. 


Any of the three forms of the power equation can be used to 
calculate the power. 


P=EI 
P=PR 
i 


The choice of formula is usually one of convenience. Use which- 
ever one is the easiest. Let’s try a few examples to see how to 
determine the power in a circuit. In the series circuit of Fig- 
ure 12-3, the power dissipated in each resistor can be calcu- 
lated as follows. 

The total resistance is 


Ry = R1 + R2+ R8=1+2+4=7K ohms 


Figure 12-3. Calculate power dissi- 
pated in each resistor. 
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The total current flow is 


The power dissipated in ti resistor is 


P,; = PR1 = (4 X 10-8)?1 x 10°? = 0.016 watt = 16 mW 

Pro = I2R2 = (4 X 10-?)22 x 10® = 0.082 watt = 32 mW 

Prs = I?R3 = (4 x 10-3)? 4 x 10? = 0.064 watt = 64 mW 
The total circuit power is 


Pe = K,1=28 xX 4x 107? =0.112 wat = 1li2mw 


Notice that if we add the values of power dissipated in each 
resistor we obtain this same total circuit power. 


Pr = Pri + Pro + Prag = 16 + 382 + 64 = 112 mW 


In a series circuit such as this the power dissipated among 
the resistors, with the highest power dissipated in the highest 
value of resistance. The power dissipated in the 4K resistor is 
4 times the power dissipated in the 1K resistor. 

Consider the parallel circuit shown in Figure 12-4. In a 
parallel circuit it is usually easiest to use the E*/R form of the 
power formula because the voltage is the same for all the re- 
sistances. The power dissipated in each resistor can be calcu- 
lated as follows. 

KE,” 40° 1600 
Rl ~ 1K ~ 1000 ~ 1-6 watts 
E,” 40? 1600 


Pre = Ro OK ~ 3000 ~ = 0.8 watt 


E,2_ 402 1600 
R3 4K 4000 


The total power in the circuit is 


Pri = 


Pr = 





= 0.4 watt 


Py, = E,ly = 40 V x 0.07 A = 2.8 watts 


Figure 12-4. Calculate power dissi- 
pated in each resistor in this par- 
allel circuit. 
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Notice that if we add the values of power dissipated in each 
resistor we obtain this same total circuit power. 


Pr — Pri + Pro + Prs = 1.6+ 0.8 + 0.4 = 2.8 watts 


In a parallel circuit the power is distributed among the re- 
sistances with the highest power dissipated in the smallest 
value of resistance. The power dissipated in the 1K resistor is 
4 times the power dissipated in the 4K resistor. 

If we wanted to calculate the amount of energy dissipated 
in either of the above circuits we could do so by multiplying 
the power by the amount of time that power is dissipated. 
This is expressed in the relationship 


W = Pt 


In the parallel circuit of Figure 12-4 the power dissipated is 
2.8 watts. If the circuit was turned on for a total of 10 seconds 
the energy converted to heat would be 


W = Pt = 2.8 x 10 = 28 watt seconds (joules) 


The unit of energy used here is the watt second. One watt sec- 
ond is equivalent to one joule. 

The electric power companies charge their customers for the 
total amount of energy that is used each month. The unit of 
energy which they use is the kilowatt hour. Suppose that in 
your house the power dissipated by all the lights is 1200 watts 
or 1.2 kilowatts (kW). If all these lights are left on for a pe- 
riod of 3 hours, the total amount of energy used is, 


W = Pt = 1.2 x 8 = 3.6 kilowatt hours (kWh). 


The energy used is indicated by a watt-hour meter similar 
to the one shown in Figure 12-5. The amount of energy is indi- 
cated by the dials on the face of the meter. A reading of the 
numbers indicated on the dial is taken each month. The differ- 
ence between the readings at the beginning and end of the 
month is the actual amount of energy used for that month. 
This is illustrated by the two sets of dials shown in Fig- 
ure 12-6. Notice that alternate dials rotate in opposite direc- 
tions. When reading the dials you must be careful to observe 
the direction of rotation. The reading for the start of the 
month is indicated on the top set of dials, 43468 kWh. The 
reading for the end of the month is indicated on the bottom 
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Figure 12-5. A watt-hour meter. 
set of dials, 44093 kWh. The difference between the two read- 
ings is 

44093 — 43468 = 624 kWh. 
If the rate is 3¢ for each kWh, then the bill for the month is 


625 x 0.03 = $18.75. 


Another important consideration of power is the power rat- 
ing of resistors. When selecting a resistor to be used in a cir- 
cuit we must not only use the correct value of resistance but 
the resistor must be able to dissipate the heat developed. Gen- 





Figure 12-6. Amount of energy used is indicated by the two sets of dials. 
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Figure 12-7. Calculate wattage rating 


00 Nn : 
for the resistor. 





erally speaking, the larger the physical size of the resistor, the 
higher will be its power-dissipation rating. If a resistor is 
required to dissipate more power than its rating the resist- 
ance value may change and the resistor may be permanently 
damaged. 

Composition carbon resistors are manufactured with power 

ratings of \%, 4, %, 1, and 2 watts. If the power dissipated in a 
circuit is too high for a single resistor, the dissipation capabil- 
ity can be increased by using either series or parallel resistor 
combinations. Suppose, for example, that a circuit needs a 100 
ohm resistor with an applied voltage of 14 volts (Figure 12-7). 
The power dissipated in the resistor is, 
R 100 = 100 
If only 1 watt resistors are available, obviously a 100 ohm 
1 watt resistor will not be able to dissipate this power with- 
out damage to the resistor. If we use two 50 ohm resistors 
in series, as shown in Figure 12-8B, the total circuit resistance 
will be the same but each resistor will dissipate only half of 
the power. This is calculated as follows. Since the resistances 
are equal, 7 volts will appear across each one. The power in 
each resistor is 


~ 2 watts 





loo N 200 nN 





(A) A 100 ohm (B) Two 50 ohm 1 watt (C) Two 200 ohm1 watt 
2 watt resistor. resistors in series. resistors in parallel. 


Figure 12-8. Different ways of obtaining necessary wattage for the resistor. 
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We could also use two 200 ohm resistors in parallel as shown 
in Figure 12-8C. The total resistance is still 100 ohms. The 
power dissipated in each resistor is within its rating. 

ie. 6 
It isn’t very economical to use too many resistors to obtain a 
high dissipation capability. 


Figure 12-9. Simple series circuit. = isv 470 a 


If more dissipation is required, wirewound resistors may 
be used. This type of resistor is manufactured with power 
ratings from about 1 watt to several hundred watts. These var- 
ious types and sizes of resistors are illustrated for you in Fig- 
ure 5-2 in Chapter 5. 

Perhaps a little experiment here will give you a better feel- 
ing for power dissipation. The resistor kit which you pur- 
chased contains 4 watt resistors. Connect a 470 ohm resistor 
in the simple circuit illustrated in Figure 12-9. The power 
dissipated in the resistor is 


_ E2152 225 | 











P=—= = —— = 0.48 watt 
R 470 470 
ate 
METAL CAP 
POSITIVE 
TERMINAL 
4 
INSULATING -— 
< is CARBON 
| | GRANULATEC 
. ‘ Fi | — CARBON AND 
Figure 12-10. Cutaway view of a + MANGANESE 
typical flashlight cell. DIOXIDE 
ZINC CASE— | 
| ii i | PAPER AND 
| HP hats 7 MIX SATURATED 
E77 S |/ WITH SAL 
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This power is very close to the rating of % watt. Leave the 
circuit connected and lightly touch the resistor with your fin- 
ger to sense the heat dissipated. Now increase the power sup- 
ply voltage to 21 volts. The power dissipated now is 
Ee? 21? 441 

This is approximately twice the rating of the resistor. Very 
carefully touch the resistor with your finger. (Someone has de- 
scribed the finger as a digital wattmeter.) Notice that the re- 
sistor is considerably warmer than in the previous test. Dis- 
connect the circuit and allow the resistor to cool off. Measure 
the resistance with your ohmmeter. If the resistance value has 
changed significantly from 470 ohms (more than 10%) then 
perhaps you had better discard it before it gets mixed with 
the good resistors. 

Another circuit component which is affected by dissipation 
of energy is the battery. A battery provides electrical energy 
by the reaction of the chemicals and the dissimilar metal elec- 
trodes inside the battery. A cutaway view of a typical flash- 
light cell is shown in Figure 12-10. For a given type of battery 
the amount of chemical energy available for conversion to 
electrical energy is dependent upon the size of the battery. 
The bigger the battery, the more energy it can supply. Batter- 
ies are generally rated in terms of the length of time for which 
they can deliver a crtain amount of current without the out- 
put voltage dropping below a specified voltage. The voltage at 
which the battery is considered to be discharged is called the 
endpoint voltage. For a standard 1%-volt flashlight cell the 
endpoint voltage is typically between 0.85 V and 1.2 V de- 
pending upon the application. Typical ratings for several dif- 
ferent sizes and styles of 114-volt flashlight cells are given in 
Figure 12-11. 

Some batteries are rated in terms of the load resistance 
which can be placed across the battery for a specified length 
of time. This rating can be converted to a current rating by 
using Ohm’s law. If a 114-volt cell is rated for a 5 ohm load for 
3 hours with an endpoint voltage of 1 volt, the initial current 
rating is 

E 1.5 
T=, == = 0.3 A= 300 mA 
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Figure 12-11. Typical ratings for several different sizes and styles of 
1.5-volt batteries. 


The cell will supply this load for 3 hours before the output 
voltage drops below 1 volt. 

Automotive batteries are rated in terms of ampere hours 
(Ah). This rating is based on a discharge time of 10 hours. 
A battery with a rating of 180 Ah is capable of delivering 
180/10 = 18 amperes for a period of 10 hours before it has 
to be recharged. 

Recall from the last chapter that as a battery is delivering 
energy to a load, the internal resistance of the battery in- 
creases and the output voltage will decrease. If the internal 
resistance becomes too high, the output voltage of the battery 
will fall below a certain allowable minimum value. Some bat- 
teries can be recharged by forcing current to flow through the 
battery in a reverse direction. This process reduces the inter- 
nal resistance, restores the internal chemicals to their original 
condition and the battery is once again capable of supplying 
energy to a load. As you learned in the previous chapter, the 
condition of a battery must be checked under loaded conditions. 


SUMMARY 


Two additional circuit parameters are important to 
your understanding of circuit operation—energy and 
power. Energy is defined as the ability to do work. Work 
is defined as the useful transformation of energy from 
one form to another. The common forms of energy are 
electrical, mechanical, light, heat, chemical, and atomic. 

Energy and work are designated by the same unit of 
measure. In mechanical systems they are measured in 
foot-pounds or some similar unit. In electrical circuits 
energy is measured in joules or watt-seconds. One joule 
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(watt-second) of energy is converted when 1 volt causes 
a current flow of 1 ampere for 1 second. Energy is calcu- 
lated using the relationship 


W = Elt 


Power may be defined as either the rate at which work 
is done or the rate at which energy is converted from one 
form to another. In mechanical systems one of the com- 
mon units of power is the horsepower. One horsepower 
is equal to a rate of energy conversion of 550 foot-pounds 
per second. In electrical systems power is measured in 
watts and is calculated using one of three equations. 


P = EI 
P=ER 
-E 
R 


Other units such as the milliwatt (mW), microwatt 
(uW), and kilowatt (kW) are used to express power if the 
basic unit is inconvenient. 

Depending upon the application, the energy in an elec- 
trical circuit is converted into one or more of the other 
forms of energy such as mechanical, chemical, light or 
heat. When current flows through a resistance the energy 
is converted to heat which must be dissipated by the resist- 
ance. 

In a series circuit the heat dissipated is distributed 
among the resistors in dlirect proportion to the values of 
resistance. The largest resistance dissipates the most heat. 

In a parallel circuit the heat dissipated is inversely pro- 
portional to the resistance. The smallest resistance dissi- 
pates the most heat. 

In both series and parallel circuits the total circuit 
power may be found by adding the values of power dissi- 
pated in each individual resistor. 

Energy can be calculated using the relationship 


W = Pt = watt-seconds 


Power companies charge their customers for the total 
amount of energy that is used each month. This is. mea- 


138 


sured in units called kilowatt hours, kWh. A watt-hour 
meter is used to measure the energy consumed. 

The power dissipation rating of a resistor must be con- 
sidered when selecting a resistor for a particular circuit 
function. Carbon composition resistors are available with 
ratings of 1/8, 1/4, 1/2, 1, and 2 watts. 

Series and parallel resistor combinations can be used 
to increase the dissipation capabilities of a circuit. Wire- 
wound resistors provide increased dissipation capabilities 
wth ratings up to several hundred watts. 

In a brief experiment you determined that a resistor 
which dissipates more power than its rating becomes quite 
hot and may even change resistance value. 

A battery provides electrical energy by the reaction of 
the chemicals and the dissimilar metal electrodes in the 
battery. Cells and batteries are generally rated in terms 
of the length of time for which they can deliver a certain 
amount of current without the output voltage dropping 
below a specified voltage known as the endpoint voltage. 
Some cells and batteries are rated in terms of the load 
resistance which can be placed across the battery for a 
specified length of time. Automobile batteries are rated 
in terms of the ampere hours. 

Some cells and batteries can be recharged to restore the 
internal chemicals and electrodes to their original condi- 
tion. 


QUESTIONS 


. In your own words define energy, work, and power. 


. How much energy is supplied by a 9-volt battery which delivers 50 mA 
to a load for 10 minutes. Express the answer in watt seconds. 


. In the circuit below calculate the power in each resistor and the total 
circuit power. 


Ri 

IK 
22Vv — 

R2 

10K 
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4. In the circuit below calculate the power in each resistor and the total 
circuit power. 


Ri R2 


a ad 200 502 


5. The power dissipated in the resistor in the circuit below is 2 watts. 
If only 1/2 watt resistors are available, show how either a series or 
parallel combination of resistors could be used so that dissipation rat- 
ings are not exceeded. 


— 20V 200 n 
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APPENDIX A 


DERIVATIONS 


1. Equivalent resistance of parallel resistors. 


E. = RI R2 


a. The total current is equal to the sum of the branch 
currents. 


r=L+L+I1gt+... 


b. The total current is equal to the applied voltage divided 
by the total resistance. Each branch current is equal to 
the applied voltage divided by the resistance of the 
branch. The above equation for total current could be ex- 
pressed then as, 


nw Eo Bs, 
R. Ri’ Ro RS 


c. Since the voltage, E,, appears in each term in the expres- 
sion it can be cancelled out leaving us with 


oF sen 


ey 
R; Ri 


t,t 
+ po tpet--- 
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d. By rearranging this expression we get 


aa eee 
1 1 1 
Ri’ Ro’ R3'°°: 


e. When there are only two resistors the basic relationship 
may be simplified as follows. 





a. In a parallel circuit the voltage across each branch is the 
same 


E, a I, Rl and E>» = I. R2 


b. Since the voltages are equal we can equate the IR products 


Ri = 1. B2 
c. Rearranging 

1, _R2 

ly RR 


3. Parallel resistor current rule. 
a. The branch voltage is equal to the applied voltage 


E, =F, 

_ _-» Lx Re 
i ae eve = Bee 
E, =_ I,R1 
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a _ 


b. The IR products can be equated since the voltages are 
equal 


_ i. sel *& R2 
BLS tray + R2 
c. Divide both sides of the equation by R1 


_1,__R2 
" “FR + Re 


I, 


I, 
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APPENDIX B 


GLOSSARY 


Abscissa—The horizontal axis of a graph. It is called the X axis. 


Alternating current (AC)—Current which is continually changing in 
value and polarity. 


Ammeter—An instrument used to measure current. The function of a 
DC ammeter is included in the VOM. 


Ampere—The unit of measure for electric current. One ampere is equal 
to one coulomb of electrons flowing past a point in one second. One ampere 
of current will flow when one volt is applied to a one ohm resistance. 


Atom—tThe smallest particle of an element which exhibits all properties 
of the element. Atoms consist of a nucleus and rings of orbiting electrons. 


Battery—A source of DC voltage which is produced by the chemical reac- 
tion between the electrodes and the various chemicals within the battery. 


Branch—One of the paths for current flow in a parallel circuit. 


Calibrations—The numbers and graduation marks printed on a meter 
scale to indicate the values of the scale readings. 


Carbon resistor—A resistor utilizing carbon as the resistance material. 


Charge—Another name applied to the quantity of electrons. The letter Q 
is used for both charge and quantity. The unit of measure is the coulomb. 


Circuit—A complete path for the flow of current. A circuit consists of a 
voltage source and a path through which current can flow. Sometimes this 
term is used to indicate a specific portion of a complete circuit. 


Common—The designation used for the (—) jack on the VOM. 


Composition carbon resistor—A resistor using a bulk of carbon as the 
resistance material. 
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Conductor—A material which offers a very low resistance path for the 
flow of current. A conductor is usually in the form of a copper wire or 
copper strip on a printed circuit board. 


Continuity—The continuous conductive path between two points in a 
circuit. 


Conventional current—An antiquated concept of electric current flow. 
“Conventional current” flows in a direction opposite to that of electron 
current. 


Coulomb—The unit of measure for a quantity of electrons. One coulomb 
equals 6.28 « 1015 electrons. 


Current—The movement of electrons. Current is measured in amperes, 
milliamperes, or microamperes. The letter I is used to symbolize current. 


Direct current (DC)—Current which has a value that is always of the 
same polarity. 


E—tThe letter E is a symbol used for voltage. 


Electron—An extremely small particle with a negative charge. Electron 
motion around a circuit is called current flow. 


Electromotive force (EMF )—The force which causes current to flow in a 
circuit. Also a term used for a source of voltage. The letters E or V are 
used to symbolize voltage. 


Endpoint voltage—The voltage under load at which a battery is con- 
sidered to be discharged. 


Energy—The ability to do work. The letter W is the symbol used for 
energy. The joule or watt-second is the basic unit of measure. 


Equivalent circuit—A simple circuit used to represent a more complicated 
circuit for purposes of analysis or calculation. 


Equivalent resistance—The single value of resistance which is equal to 
the resulting resistance of parallel-connected resistors. 


Film resistor—A resistor which uses film of carbon or metal oxide as the 
resistance material. 


Graph—A visual presentation of the relationship between two or more 
measurable quantities. 


Hookup wire—Copper wire, covered with plastic insulation, used for 
connecting components together in an electrical circuit. 


I—The letter I is the symbol used for current. 


Insulator—Anything which will limit the flow of current to an insignifi- 
cantly low value. 


Intermittent—An erratic condition which occurs during certain mechani- 
cal, electrical, or thermal conditions. 


Jack—The hole on a VOM into which the test lead is inserted. 


Joule—The unit of measure for energy or work. 


146 





Kilo—A prefix meaning 1000. Used with various units of measure, such 
as kilovolts and kilohms. The letter K is used to indicate kilo. 


Kilohm (KQ.)—A kilohm is equal to 1000 ohms. 


Kilovolt (kV)—A kilovolt is equal to 1000 volts. 
Kilowatt hour (kWh)—A unit of energy used in measuring electrical 
energy. 


Leakage—Undesirable current flow in an insulator or insulation. 


Leakage path—The undesirable path for current flow in an insulator or 
insulation. 


Leakage resistance—The value of resistance in a leakage path. 


Light dependent resistor (LDR)—A resistor having a resistance depen- 
dent upon light intensity. 


Linear graph—A straight line relationship between two measurable 
quantities as drawn on a graph. 


Loading—tThe effect of placing a voltmeter or ammeter in a circuit. Load- 
ing causes the meter reading to be less than the actual value of voltage 
or current without the meter in the circuit. 


Micro (uw)—A prefix meaning 4,000,000. Used with various units of mea- 
sure, such as microampere and microvolts. The Greek letter ~(mu) is 
used to indicate micro. 


Microampere (uA)—A microampere is equal to one millionth of an am- 
pere. 


Microvolt (uV)—A microvolt is equal to one millionth of a volt. 


Mili—A prefix meaning 4099. Used with various units of measure, such 
as milliampere and millivolt. The letter m is used to indicate milli. 


Milliampere (mA)—A milliampere is equal to one thousandth of an am- 
pere. 


Millivolt (mV)—A millivolt is equal to one thousandth of a volt. 
Milliwatt (mW)—A milliwatt is equal to one thousandth of a watt. 


Nano—A prefix meaning 14,000.000.000. Used with various units of mea- 
sure, such as nanoampere. 


Ohm—tThe unit of measure for resistance. The symbol for ohm is the 
Greek letter 2 (omega). 


Ohmmeter—An instrument used to measure resistance. The ohmmeter 
function is incorporated in the VOM. 


Open circuit—A condition where the path for normal current flow is 
broken and current can no longer flow. 


Ordinate—The vertical axis of a graph. It is also called the Y axis. 


P—tThe letter P is the symbol used for power. 
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Parallax error—The error introduced by not observing a meter pointer 
from the proper angle. 


Polarity—An electrical condition determining the direction of electron 
current flow in a circuit. 


Potentiometer—aA three-terminal variable resistor. 


Power (P)—The rate at which energy is converted from one form to 
another. The symbol for power is P. 


Power supply (DC)—A source of DC voltage which converts the 120-volt 
AC power line voltage to the desired value of DC output voltage. 


Printed circuit—A circuit consisting of strips and areas of conductive 
material, such as copper, bonded to an insulating board, such as phenolic 
or fiber glass. 


Q—The symbol used to indicate the quantity (charge) of electrons. 
R—tThe letter R is the symbol used for resistance. 


Range switch—The rotary switch on a VOM which selects the function 
and full-scale range of the meter. 


Resistance—The property of an electrical circuit which determines the 
amount of current which will flow for a given amount of applied voltage. 
One volt across one ohm causes one ampere of current flow. The symbol 
for resistance is R. 


Resistivity—The resistance of a unit cube of a material. Resistivity is 
indicated by the Greek letter p (rho). 


Resistor—A device which has a resistance value between that of a con- 
ductor and that of an insulator. 


Rheostat—A two-terminal, variable resistor. 


Schematic—A diagram showing the way in which components are con- 
nected together to form an electrical circuit. 


Short circuit—An abnormal, relatively low resistance connection between 
two points in a circuit. Excessive current may flow with this condition. 
Also called a short. 


Solar cell—A device having a DC output dependent upon light intensity. 


Taper—The manner in which the resistance of a variable resistor varies 
as the moving contact is rotated on the resistive element. 


Thermistor—A resistor whose resistance value is dependent upon the 
temperature of the resistor. 


Thermocouple—A device consisting of two different types of metals which 
produces a voltage across its terminals when the junction of the two 
metals is heated. 


T olerance—The amount by which the actual value of a resistor may differ 
from the rated value. Tolerance is usually expressed as a percentage of 
the rated value. 
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V—tThe letter V is a symbol used for voltage. 


Volt—The unit of measure of voltage. One volt across one ohm causes 
one ampere of current flow. The letters E and V are both used as symbols 
for voltage. 


Voltage dependent resistor (_VDR)—A device having a resistance which 
depends upon the voltage applied to the device. Resistance usually de- 
creases as voltage is increased. 


Voltage source—A source of EMF. 


Voltmeter—An instrument used to measure voltage. The function of a 
voltmeter is included in the VOM. 


Volt-Ohm-Milliammeter (VOM)—A measuring instrument which con- 
tains the function of a voltmeter, an ohmmeter, and a DC milliammeter. 


W—tThe letter W is the symbol used for energy or work 


Watt—The unit of measure for electric power. The letter P is used to 
symbolize power. 


Watt-hour meter—An instrument used to measure electrical energy. 
Watt-second—A unit of energy equal to a joule. 


Wirewound resistor—A resistor constructed of resistance wire which is 
wound on an insulating bobbin. 


Y axis—The vertical axis of a graph. It is also called the ordinate. 


X axis—The horizontal axis of a graph. It is also called the abscissa. 
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APPENDIX C 


ANSWERS TO QUESTIONS 


CHAPTER 1 


It causes the current to flow in the circuit. 
The volt. 

1.5 kV, 13.5 kV. 

2300 volts, 250,000 volts. 


. 6.7 mV, 324 mV. 


0.013 volt, 0.225 volt. 


. 456 nV, 7.8 pV. - 
. 0.000027 volt, 0.000532 volt. 
. See Figure 1-3. 


. The values of a pulsating DC voltage are all of the same polarity, 


whereas the values of an AC voltage change polarity each half cycle 
to provide both positive and negative polarities. 


CHAPTER 2 


. A voltmeter. 


. A volt-ohm-milliammeter. It is an instrument which is capable of 


measuring voltage, resistance, and current. 


. Jacks, range switch, meter. 


. 125 volts. 
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Insert the test leads in the proper jacks. 

Select the proper function and range. 

Place the test probe tips across the voltage to be measured. 

Notice the position of the pointer on the meter scale and read the 
value of voltage. 


meee 


. Start with the range switch in the highest position. 
. Use the “flick test” to determine if the polarity is correct and the 
magnitude is within the range of the voltmeter. 


of} 


. The “flick” test is used to determine the polarity of a voltage and the 


relative magnitude without damaging the meter. The tip of the black 
test probe is placed on one terminal of the voltage being measured. 
The tip of the red test probe is momentarily tapped on the other ter- 
minal. If the pointer flicks slightly up-scale the polarity is correct and 
the magnitude is safe for that range. If the pointer flicks down-scale 
the test leads will have to be reversed. 


. This allows the pointer to be lined up properly over the meter scale to 


avoid the possibility of parallax error. 


CHAPTER 3 
ose 
6V 9V 
. 15 volts. 
. 6 volts. 
. 3 volts. 
. a. All the batteries must have the same voltage. 


b. All the batteries must have the same polarity. 


. Set the meter range switch in either the OFF position or on the high- 


est DC voltage range. 


CHAPTER 4 


. The flow of electrons in a circuit. 

. A voltage source and a complete path for electrons. 

. Current flow will stop. 

. There will be a heavy current drain on the voltage source. 
. 4% ampere. 

. 2.6 mA, 2600 vA. 

. 0.106 mA, 0.000106 A. 
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CHAPTER 5 


A conductor is anything which can conduct current with a negligible 
loss of voltage across it. 


. An insulator is anything which can limit the flow of current to an in- 


significant amount. 


. The basic unit of resistance is the ohm. The resistance in a circuit will 


determine how much current will flow for a given voltage. For a given 
voltage the higher the resistance, the lower the current. 


. 470 kilohms, 0.47 megohm. 

. 390,000 ohms, 0.89 megohm. 

. 270KO, 10%, 248K0 to 297KO. 
. 0.13 ohm. 


a. 320 0. 
b. 8.9K 2. 
e. 8.47KO. 


a. 235 0. 
b. 2500. 
e. 1.7KQO. 


CHAPTER 6 


. To allow the meter to be set to zero before making a resistance mea- 


surement. This calibrates the meter so that readings are accurate. 


. Ohmmeter battery is probably weak and needs to be replaced. 


. a. Select the proper range if known. 


b. Touch the two leads together and adjust the OHMS ADJUST control 
until the meter reads 0. 

ce. Place the test leads across the resistance being measured. 

d. Read the value of resistance on the meter scale. 


. Rx 100. 
Be ¢ A. 
Ki LE. 
RX 4. 
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5. So the ohmmeter will not be damaged and to obtain correct ohmmeter 
readings. 


6. 13.5KQ to 16.5K0. 


7. A momentary decrease in resistance to zero ohms. R x 1K or highest 
range. 


8. A momentary increase in resistance of a conductor to infinity ohms. 
Rm <1, 


CHAPTER 7 


. [= E/R, E = Ik, 2 = EB/L. 
. 0.19 mA. 

65 mA. 

200K. 

24K0. 


500 V. 
75 V. 


> Re = LEQ, Rp = 2.5K N. 
. Doubled. 
. Halved. 


Oo MP ADA PF w NH Pp 
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CHAPTER 8 


1. 318K. 


— l00V 33K 


270K 


3. 0.32 mA. 
4, Exox = 3.2 V, Essx = 10.5 Le Ex = 86.3 V. 


5. Potentiometer rule. 


Er = R Ba 


6. 50 V, 25KO. 
7. 5, yes. 
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CHAPTER 9 


. 5KO. 


— 40V lOK 


. Current in each 20K branch is 2 mA, current in the 10K branch is 


4 mA, and the total current is 8 mA. 


. 86 mA, 48 mA. 
. 80 mA, 10 mA. 
CHAPTER 10 
P Inox = 2mA Esx = 60 V Ir=3mA 
Tw ce | mA Ewx = 60 V 
Iux = 1mA Eaux = 24 V 
Lex = 2mA Eywx = 24 V 
~ te = IMA Esx = 8 V Ir = 2mA 
Isx = 1 mA. Esx =65V 
Ix =1mA Exx =—2V 
Lox — 0.5 mA Eyox = 5 V 
| 
CHAPTER 11 
~» 20 Q. 
. 150 0, 13.3 mA. 
. 60 V, 100 V. 
CHAPTER 12 


. Energy is the ability to do work. | 


Work is the useful transformation of energy from one form to an- 
other. Power is the rate at which energy is converted from one form 
to another. 


. 270 watt seconds. 
. Pi: =4 mW, P2= 40 mW, Pr = 44 mW. 
° P= 5 Wy.P2 = 2 W, Pe =—7T W. 
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INDEX 


A 


Abscissa, 82, 145 
Adjustable resistor, 53 
Alternating current, 8, 145 
Ammeter, 145 
Ampere, 42, 145 
Ampere hours, 137 
Antiparallax mirror, 24 
Atom, 38, 145 

carbon, 39 

copper, 39 


Basic parts of a graph, 83 
Basic procedure for measuring re- 
sistance, 65 

Batteries, 9-10, 145 

Battery voltage measurement, 28 
under load, 31 

Branch 99, 145 
current, parallel circuit, 101 


Cc 


Calculating wattage rating for a 
resistor, 134 
Calibrations, 145 
Carbon atom, 39 
Carbon composition resistor, 49, 145 
Cell, solar, 10 
Charge, 145 
Circuit (s), 145 
open, 40 
parallel, 99-107 
power supply, 10 
series, 89 
series-parallel, 109-116 
example of, 110 
with two parallel branches, 112 
Color code, resistor, 50 
Common, 145 
Complete circuit, 39 
schematic diagram of, 40 





Composition carbon resistor, 145 
Conductors, 40, 47, 146 
Constant-voltage devices, 117 
Continuity, 72, 146 
Control, ohms adjust, 64 
Conventional current, 146 
Copper atom, 39 
Coulombs, 42, 146 
Current, 146 

and voltage distribution, 110 

flow, 43 

measurement of, 43 

meter in circuit, 120 


D 

DC, 8 

generator symbols, 12 

voltage, sources of, 9-12 
Deposited-film resistor, 53-54 
Derivations, 141-143 
Devices, constant-voltage, 117 
Diagram, schematic, 9 
Direct current, 8, 146 


Effects of 
electrical current, 38 
voltmeter on circuit, 121 
Electrical current, 37 
two effects of, 38 
Electromotive force, 7, 146 
Electron (s), 38, 146 
flow, 43 
series circuit, 90 
movement, illustrating 
EMF, 7, 146 
Endpoint voltage, 136, 146 
Energy, 146 
forms of, 127 
Equivalent 
circuit, 146 
resistance, 110, 146 
parallel circuit, 100 
parallel resistors, 141 
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Estimating voltage measurement, 
22 


Features of typical VOM, 16-19 
Film resistor, 146 

Flashlight cell, cutaway view, 135 
Flick test, 23 

Forms of energy, 127 


G 


Graph, 146 
basic parts of, 82 


H 


Hookup wire, 146 
Horsepower, 128 


Illustrating electron movement, 41 
Insulator, 47-48, 146 
Intermittents, 72, 146 
Internal 

resistance, 117 

solar cell, 119 

voltage drop, power supply, 118 
Interpretation, meter scale, 19-21 
IR drop, 90 


J 


Jacks, 16, 146 
Joule, 128, 146 


Kilo, 8, 147 
Kilohm, 49, 147 
Kilovolts, 8, 147 
Kilowatt, 129 
Kilowatt hour, 132 


L 


Leakage, 147 
path, 71, 147 
resistance, 71, 147 
Light dependent resistor, 147 
Linear graph, 147 
List, materials, 6 
Loading, 147 


M 
Making DC voltage measurement, 
4 


Materials list, 6 

Measurement of current, 43 

Measuring 
battery voltage under load, 31 
current with a VOM, 79 
parallel resistors, 67 
resistance, basic procedure, 65 
series resistors, 67 
voltage 
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Measuring—cont 
voltage 

series-aiding batteries, 32 
series-opposing batteries, 33 

Megohm, 49 

Meter, 18-19 

Micro, 8, 147 

Microamperes, 43, 147 

Microvolt, 8, 147 

Microwatt, 129 

Milli, 8, 147 

Milliampere, 42, 147 

Millivolts, 8, 147 

Milliwatt, 129, 147 

Mirror, antiparallax, 24 


N 


Nano, 43, 147 
Nanoampere, 43 


Oo 


Ohmmeter, 147 
Ohms, 49, 147 

adjust control, 64 

symbol for, 49 
Ohm’s law, 75 
Ohms-per-volt sensitivity, 123 
Open circuit, 40, 147 
Ordinate, 82, 147 


P 


Parallax error, 148 
Parallel circuit 
branch current, 101 
equivalent resistance of, 100 
power dissipation, 131 
total current in, 100 
voltage in, 100 
Parallel-connected batteries, 34 
Polarity, 9, 148 
Potentiometer, 54-55, 148 
rule, 95 
Power, 128, 148 
and energy, 127-140 
dissipation 
parallel circuit, 131 
series circuit, 130 
supply, 148 
Practical applications, series-paral- 
lel circuits, 117-126 
Printed circuit, 148 
Product over the sum, 101 
Pulsating DC sources, 11 


Range switch, 17, 64, 148 
of typical VOM, 78 
Ratio of meter resistance to equiv- 
alent resistance, 125 
Reciprocal of the sum of the recip- 
rocals, 101 








Relationship 
between units of power, 129 
of various units of current, 44 
Resistance, 47, 148 
equivalent, 110 
internal, 117 
of wire, 58, 121 
Resistivity, 58, 148 
Resistor (s), 48, 148 
adjustable, 53 
carbon composition, 49 
color code, 50 
deposited film, 53-54 
in parallel, 56 
in series, 56 
schematic symbols for, 55 
tolerance, 50 
variable, 54 
wattage rating, calculating, 134 
wirewound, 53 
Rheostat, 55, 148 
Rule, potentiometer, 95 


S 
Seale, typical VOM, 18, 78 
Schematic diagram, 9, 148 
simple parallel circuit, 100 
Schematic symbols for resistors, 55 
Series 
-aiding connection, 32 
circuit, 89 
power dissipation, 130 
-opposing connection, 32 
-parallel circuits, 109-116 
example of, 110 
practical applications of, 117- 
126 


Short circuit, 148 
Shunt, 100 
Solar cell, 10, 148 
internal resistance, 119 
Sources of 
DC voltage, 9-12 
pulsating DC, 11 
Switch, range, 17 
Symbol for DC generator, 12 


T 
Taper, 148 


audio, 55 
linear, 55 


Thermistor, 148 
Thermocouple, 10, 11, 148 
Tolerance, 148 
Total 
current in a parallel circuit, 100 
resistance in series, 90 
Two parallel branches, 112 
Typical 
power supply circuits, 10 
standard composition 
sizes, 52 


resistor 


range switch, 78 
seale of, 78 


U 
Using the range switch, 19 


Vv 


Variable resistor, 54 
Volts, 7, 149 
Voltage 
dependent resistor, 149 
drop, series circuit, 90 
endpoint, 136 
in a parallel circuit, 100 
measurement 
automobile battery, 29 
battery, 28 
estimating, 22 
9-volt battery, 29 
1.5-volt battery, 28 
selenium solar cell, 30 
source, 149 
Voltmeter, 15, 149 
effect of on circuit, 121 
loading, 123 
Volt-ohm-milliammeter, 15, 149 
VOM, 7, 15 
features, 16-19 
measuring current with, 79 
typical scale of, 18 


Ww 


Watt, 128, 149 

Watt-hour meter, 149 

Watt second, 132, 149 

Wire sizes, 58 

Wirewound resistor, 53, 149 
Work, 127 











Radio Shack’ Books Make You an 


Electronics Expert 


REFERENCE 


Tube Substitution Handbook. Over 12,000 direct 
substitutions for picture tubes, radio/TV, special- 
purpose tubes. 96 pages. 62- SS 1.75 


TV Tube Symptoms and Troubles. Trouble-shoot- 
ing guide shows hundreds of common problems; 
tells how to isolate, test and replace suspected 
tubes. Fully illustrated. 96 pages. 62-2033 ....1.95 


Electronics Data Book. Handy reference for for- 
mulas, laws, math, broadcast standards, codes, 
symbols, more. 112 pages. 62-2040 .......... 1.25 


Electronics Dictionary. Very readable definitions 
and illustrations for more than 4800 electronics 
Terms: ZiZ DARSS, GAS! ak vas ews Kees He 1.2§ 


Electronic Components Encyclopedia. Clear, con- 
cise explanations of common electronic parts and 
circults. 112 pages. G2-2048 6. ais ins ies 1.25 


Math for the Electronics Student. Principles es- 
sential to acquiring a knowledge of electronics. 
How to solve problems in circuits, induction, ca- 
pacitance, RMS, peak power, power factor, res- 
onance. 112 pages. 22057 ak ois ois cw ese ver 1.25 


PROJECTS 


Electronic Kit Building. Discusses currently avail- 
able kits, how to use instruction manuals and 
tools. 96 pawes:.62-BOS8. ais cis es sore oes was wwe 95¢ 


Transistor Projects, Vol. !. Twelve educational 
projects—Light flasher, power supplies, metro- 
nome, siren, slave flash unit, electronic thermom- 
eter, more. 96 pages. 62-2080 ................ 1.25 


Transistor Projects, Vol. Il. Power megaphone, 
light meter, electronic organ, neon lamp “idiot 
box,"’ voltmeter. 96 pages. 62-2081 1.25 


Integrated Circuit Projects, Vol. I. How to build 
lamp driver, binary decimal decoder, digital coun- 
ter, audio amp, digital oscillator, tone stepper, 
SQuare-wave generator, more! 96 pages 

RUE greie Mick Bice nee 47 BRK A HE ESS et da Ge 1.ze 


Integrated Circuit Projects, Vol. Il. Frequency- 
selective op-amp, audible light sensor, mono- 
stable multivibrator, 555 IC timer, 1-watt audio 
amplifier. 96 pages. 62-2091 ................. 1.25 


Building Speaker Enclosures. Get extra value 
by building your own speaker system—bass-re- 
flex, infinite baffle, many more designs. 96 pages. 
IEEE capac Sian pk ‘Kia cede Etaeh sede Mbabane: gale eee wt 95¢ 


Computer Circuits for Experimenters. How to 
make and use “‘AND" gates, “OR" gates, flip- 
flops, logic clocks, multivibrator circuits, count- 
ing circuits, more. 96 pages. 62-2058 ........ 1.25 


Security for Your Home. How to select the proper 


ee 


alarm system for your valuables. Installation, 
tamper-proofing, testing. 96 pages. 
BESS: Bis cists AGS KE EGE HSS SD SRS OKs HER ER Sem 1.25 


160 


HAM-SWL-CB 


Shortwave Listener's Guide. Lists stations by 
country, city, call letters, frequency, power. trans- 
mission times. With log. Get extra enjoyment 
from any radio equipped with shortwave bands. 
D0; Pee AEOGe v5. cies 9 tne ck x oe esis Bad Cae 1.95 


CB-HAM-SWL Log Book. Keep an accurate record 
of stations heard. Tables for recording frequency, 
call letters, date, time. 80 pages. 62-2034 ....1.25 


CB-HAM-SWL Mini-Log. Compact, spiral-bound 
book keeps a permanent record of stations re- 
ceived. Easy to use. 62-2036 ..............465. 50¢ 


Citizens Band Radio. How to get started in CB, 
choose your equipment, set up and operate a 
station. 112 pages. 622044 ... 0. wccseecsscens 95¢ 


Introduction to Shortwave Listening. Tells how to 
get best reception with your radio, how to choose 
the right antenna, get more enjoyment from SWL. 
SG POHOS. GA-2OGe ws ios sie See USS ERA KO NO 95¢ 


Police, Fire & Aircraft Radio. How to enjoy real- 
life drama of ‘public service’’ radio. Choosing a 
radio and-antenna. 112 pages. 62-2053 ........ 95¢ 


From’5 Watts to 1000. A programmed course to 
take you from CB to Ham radio. Theory, tips to 
learn COde, MOre. "C2ZOIE. o.oiaciciccivwacscnsvn ee 2.25 


GENERAL 
ELECTRONICS 


Guide to Hi-Fi and Stereo. Explains principles of 
4-channel, stereo, mono. How to choose 4a sys- 
tem and get the most enjoyment from it. 96 
pages. 62-2043 


Introduction to Electronics. Easy-to-understand 
introduction to basic electron theory. Explains 
the structure and uses of various components. 
112 pages. 62-2045 pte eee eee eee eee eee ees 95¢ 


Guide to Tape Recorders. How to get the most 
recorder for your money. Simple tips on use and 
maintenance. 112 pages. 62-2046 ............ 95¢ 


Schematic Diagrams. Learn the “language” of 
electronics. How to follow signal flow, what each 
component does in actual tube and transistor 
Circuits. 112 PAGES. C2-BO4S: « sos. sicis siaie hers Hawise 95¢ 


Oscilloscopes. How to use oscilloscopes for wave- 
form analysis, frequency response Curves, servic- 
ies GeemeS, CLOGS: ck ves Dew Hee Hw Wee Kew ore 95¢ 


Introduction to Antennas. Explains how CB, TV, 
radio, shortwave antennas are designed. How to 
choose and install the antenna best for your 
needs. 128. pages: G2ZOGT oi ocak hee eas via we 95¢ 


Understanding Solid-State Electronics. Twelve 
lesson, self-teaching course in semiconductor 
theory. Glossary. 244 pages. 62-2035 ........ 1.95 


Guide to VOM's and VTVM's. Use your meter to 
service radio, TV, hi-fi, Amateur and CB radios. 
Step-by-step directions. 112 pages. 62-2039 ...95¢ 
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